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PAPERS 


BEQONOMIC*=DIAMETER OF STEEL. PENSTOCKS 


BY CHARLES? VOB TSCH®, Mo-AM. SOG. C.r BE; AND 
M. H. FRESEN?, Assoc. M. Am. Soc. C. E. 


SYNOPSIS 


Formulas are developed in this paper for determining the economic 
diameter of steel penstocks for hydro-electric power plants and pumping plants 
based on a minimum total annual cost. The formulas developed differ from 
those published heretofore, in that: 


(a) The Scobey formula for flow of water in riveted steel and analogous 
pipes is used; 

(b) Factors are introduced to take care of entrance, bend, and other 
hydraulic losses which vary approximately as a ratio of the velocity head; and, 

(c) A loss factor is introduced to take care of the effect of the load factor, 
and the shape of the load curve under which the power or pumping plant con- 
nected to the penstock operates. 


The economic diameter of a penstock for a certain large power develop- 
ment as computed by formulas developed in this paper shows a difference of 
only 3.25% as compared to the diameter determined from detailed studies. 


DEFINITIONS oF TERMS 


Some writers consider the “pipe line” to be the pipe between the forebay 
and the surge tank, and the “penstock” to be the pipe between the surge 
tank and the turbines. Other writers use the term, “penstock”, as applying 
to any pipe or pipes between intake or forebay at the dam and the turbines 
at the power-house of a water-power development, and “pipe line” as apply- 
ing to a pipe used for other than water-power development, such as water 
supply. 

The latter distinction between the terms, “pipe line” and “penstock”, is 
implied herein, since the formulas are equally applicable to the pipe from 
forebay to surge tank, as from surge tank to turbines. 


Notn.—Discussion on this paper will be closed in March, 1937, Proceedings. 
1Bngr., U. S. Bureau of Reclamation, Denver, Colo. Mr. Voetsch died on February 


7, 1935 
2 Associate Engr., U. S. Bureau of Reclamation, Denver, Colo. 
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Notation.—The algebraic symbols used in this paper are defined where they 
are first introduced in the text, and are arranged for convenience of refer- 
ence in the Appendix. Essentially, they conform to the American Tentative 
Standard Symbols for Hydraulics* compiled by a committee of the Ameri- 
can Standards Association, with Society representation, and approved by the 
Association in 1929. 


Annuat Cost or Power Lost 1n FRIctTIon 


In 1930, Fred C. Scobey, M. Am. Soc. O. E., introduced a formula‘ for 
head lost in friction, h;, per 1000 ft of steel pipe, as follows: 


9 
hie ek tr 
D* 


in which K, is a general coefficient for head lost due to friction, in feet; 
V = the velocity of water in the penstock, in feet per second, corresponding 


to Q, the rate of discharge expressed in cubic feet per second; and D = the 
economic inside diameter of the penstock, in feet. Substituting for V its 
equivalent, — — Q , and simplifying, Equation (1) becomes: 
0.7854 D? 
1.9 
hfs — (gk, Oe. . oe (2) 
631.93 D*® 


in which hy, = the head lost, in feet, due to friction in a penstock, 1 ft long; 
and A = the cross-sectional area. 

The annual loss of power, in kilowatt-hours, at a load factor, F', per ft of 
pipe, is: 


P= Qhn x = x @ x 0.746 x 8766 x f as, Sythe eee (3) 


in which e = the over-all efficiency of the plant to the point at which power is 
sold (in the case of a power plant), or to the point at which power is pur- 
chased (in the case of a pumping plant); and f = a loss factor, expressed 
as a decimal, corresponding to the load factor, F, under which a plant operates 
(average load + maximum load). Substituting for hy: its value as expressed 
by Equation (2), Equation (3) becomes: 


Py = 117631 Ke Q* ef 
D*3 


The annual cost of the lost power, therefore, may be expressed as: 


Bp Py be L181 Ks Me fb, skye ae 
ret the 


in which Fy, = the annual cost of the lost power due to friction in a penstock, 
1 ft long; and b = the value of the power lost by friction and other hydraulic 
factors expressed in dollars per kilowatt-hour. 

3A, §. A.—Z 10 b—1929. 


*“The Flow of Water in Riveted Steel and Analogous Pipes’, by F S 
ene Bulletin No. 150, U. S. Dept. of Agriculture, January, 1980, ‘Maustioneay® 


.. (4) 


2 pa 
=e 
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AnnuaL Cost or A PENSTOOK 


If a penstock is operating under a head, H, an expression may be written 
for the thickness of the steel’, ¢, as follows: 


_ 0.434 H D X 12 
2 Sq ey 


t 


Jo(G) 


in which s, = the gross allowable tension in the steel penstock, in pounds per 
square inch; and e; = the efficiency of the joints of the penstock, expressed 
as a decimal. The weight of a section, 1 ft long, W:, in pounds, is: 


(sf ee 
: ie 

in which w = the weight of 1 cu ft of steel (= 490 lb); and 7 = the percent- 

age by which the steel in the penstock is over-weight, due to laps, cover-plates, 

rivets, welds, etc., expressed as a decimal. Substituting Equation (6) in 

Equation (7) (with w = 490), and simplifying: 


_ 334.H D* (1 + 2) At Pees (8) 
Sg &; 


W, 


The annual cost, Hp, of a 1-ft length of penstock is: 


5 3204 H Dior Cl +4)” (9) 
89 &% 


Be = Wiar 


in which a = the unit cost of steel in the penstock, in dollars per pound; and 
r = the ratio of the annual fixed, operating and maintenance charges to the 
construction cost of the penstock. 


Economic DiAMETER ANALYSES 


Friction Loss and Annual Cost of Penstock Considered.—The annual cost, 
En, of a 1-ft section of penstock is the sum of Equations (5) and (9). To 
determine the economic diameter, write out this sum and equate the first 
derivative with respect to D, to zero; thus, 


dEn _ 447631 K, Qe f b (— 4.9) D* 
dD 


668 H Dar (1 +17) _ 5.76392 K,Q*° ef b 
23 Cae 5.9 
Sg 6; F D 
Rosman) 7 ho (10) 
89 &% 


Solving Equation (10) for D, and simplifying: 


6 SS ee eee 
D = 0.50218 [eS el* fee ee cbie ema (11) 
aHr( +7) 


5 ‘Water Power Engineering”, by H. K. Barrows, M. Am. Soc. C. B., McGraw-Hill 
Book Co., 1927, p. 347. 


{ 
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Considering Losses Other Than Those Due to Friction.—Hydraulic losses, 
hn, other than those due to friction, which vary approximately as a ratio of 
the velocity head corresponding to the velocity in the penstock, are defined 
by the relation: 


hn = Kr ——_ £28 olde cs a ee oe ee 
in which K, = the sum of all constants for hydraulic losses, or, 


K, = kp VA + Ke LER Yb ee a eee 


in which K, is a constant ruled by entrance losses; K+ is a constant to take 
care of all other hydraulic losses that vary as a ratio of the velocity head; 
kp is a constant expressing the additional head lost due to the introduction of 
a bend in an otherwise straight penstock (usual approximate value = 0.25) ; 


K,=ky Van ; and, A = the angle of bend, in degrees. 


When a bend is introduced in an otherwise straight penstock, the head | 
lost, hy, is expressed by: 
Wr 2 2 
hy oe by AL oon ee Reon eee (14) 
90 “2g 29 
If there is more than one bend in the pipe line under consideration, Ky will 
be the total of the values for all bends. The loss, he, at the entrance to a 
penstock is usually expressed as: 


ho Kp SSO Le SS 
29 
Assuming a penstock of uniform diameter, with V = Q = 2 Oye , the 
A 0.7854 D? 


head loss (Equation (12)) will be: 


2 2 
hia ty Laan ee Kr Cea ieee Se 
2g 2 (0.7854)? g D* 

Substituting Equation (16) in Equation (3), Pn for Pj, and simplifying, 
the annual power loss, in kilowatt-hours, at the load factor, 7’, due to hydraulic 
factors, will be approximately: 

Pete 18.70719 Kp Q@ ef 
D4 
and, consequently, the annual cost of power loss, Hn, due to hydraulic factors 
other than friction (compare Equation (5)) will be: 


i pee 18.70719 Kp Qefb fit 

D* 
Considering Friction Loss, Other Hydraulic Losses, and Annual Cost of 
Penstock.—For this case it will be necessary to determine all hydraulic losses, 


2 Re ee (17) 


Ie 8 oi-,) 
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including those due to friction, and the annual cost, Hy, of the entire penstock 
of length, LZ, in feet. The annual cost of the friction loss per foot of pen- 
stock is expressed by Equation (5). Let the length of penstock used for 
computing friction loss be LZ, and the annual cost of friction logs in the entire 
line will be: 


9 
Deen ae le 1.17631 K, Q* efbly 
D* 
Likewise, the annual cost of steel per foot of penstock is expressed by 


Equation (9). Let the length of penstock used for computing total weight 
be L,, and the annual cost of the steel in the line will be: 


Tee eR yel Rem Geo ee AOE Ley Ah 1D) oy 


ives sandy 


Pe tC 1)) 


S89 &% 


The total annual cost, H:, of the entire penstock will be the sum of Equa- 
tions (18), (19), and (20), or: 


Die e ge Rh ay Dope wales eatsnttle oe oo wsle mon Col) 


To determine the economic diameter equate the derivative of the total 
annual cost, H:, with respect to D, to zero; thus: 


dE, _ __ 5.76302 K,Q@*efbL,  74.82876 Kr @ ef 

dD D>? D 

pose NG Te LEP E 2 eau, eae (22) 
89 6 

In Equation (22), let, 
Fe PD OOO Dr Kgh Oo led ce aan ek has «eee oa 
Mi e428 lel her a) co ee iene sus Saree rhiee (23b) 
5 dE ae ee ee RD SME ee Rr 077) 

and, 

poe Eh rl) = oe (234) 


8g &; 
Then, substituting and solving for B, Equation (22) becomes of the form: 


eee peti eye Bree (24) 
D= Dy 

in which x and y are different exponents of D. Because of this difference, 

Equation (24) cannot be solved directly; but since the difference between 

J(G+M) . 
Deed 


B 


them is only 13%, it is possible to assume that « = y, so that B = 


| 
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or, approximately: 


pues a Cae oe 
D= gsi 2 UA eed Mis Ba. (25) 


Substituting « = 6.9, Equation (25) can be written as: 


oS) PATAG= M 
D= vier i hae’ ie een (26) 


approximately, or, in terms of all the fundamental factors involved: 


pp te fia fo 0808 KGa, TAROT iy Gey ON (27) 
668 H ar Ly (1 + t) 


and, for greater accuracy, Equation (24) (with = 6.9 and y = 6.0) can be 
solved for D by a trial-and-error method. 

Considering Thickness of Shell—In some instances, the thickness of the 
shell or of the plates of a penstock will be given instead of the head. As 
before (see Equation (9)) the annual cost of a 1-ft length of penstock is 
En = W:; ar. Substituting the value of W, from Equation (7) (with 
w = 490), and simplifying: : 


Bey = 198'989' FD a Ea), BS eae 


The annual cost of a penstock of length, Lp, is: 


Substituting Equation (23) in Equation (29) and finding the derivative of Ep 
with respect to D: 


dEy _ 


ae 198.982 tar Lp (1 +4) = BY 0. vc ce oe oe eee BO) | 


in which B’ is a substitution factor. In Equation (22), substitute Equa- 
668 H Dar L, (1 +7) 
89 @; 


tion (80) for the term, 


, So that B in Equation (24) 
becomes BS , and, 
D 


Pte GJ. MJ 
Dz Dr 
If x = y = 6.9 as before, and if the fundamental factors for J , G, M, and 


B’ are substituted logically, Equation (31) may be solved for D in a manner 
similar to Equation (26): 


SEY cr OK I (31) 


we eT 4 MY @+ M) 


BRO RI OO OCI Sarai Spie « 32 
s (32) 
approximately, or, in terms of all the fundamental factors involved: 
5 DD Eee 
7) J ef b (5.76392 K, Q** L, + 74.82876 Ky Q?) (33) 


128.282 tar L, (1 + 7) 
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In order to apply Equation (82) to a practical design, compute the con- 
stants, J, G. and M, and determine the economical diameter for different 
values of ¢ in B’ (see Equation (30)). With ¢ and D known the permissible 
head may be computed from Equation (6) and this value determines the eco- 
nomic diameter at each station on the line where the head corresponds to the 
values of ¢ and D. As in the case of Equation (24), Equation (81) (with 
(c = 6.9 and y = 6.0) can be solved for D with greater accuracy by trial 
and error. 


Accuracy or Equations (26) Anp (82) 


Computations show that the errors in the values of D computed from 
Equations (26) and (32), for M = 0.5 G and M = G, will not exceed —0.528% 
and — 0.973%, respectively, compared to the accurate solution of those equa- 
tions. For M = 0 corresponding to Kr = 0 and with LZ = 1 ft, the equations 
as given are accurate. 


RELATIVE VALUES or Economic DiaAMETER 


Table 1 illustrates the effect of varying the values of the expressions under 
the radical signs of Equations (11), (26), and (82). It shows that a con- 
siderable change in the individual values of the constants in the equations 
is necessary in order to affect the diameter appreciably. A change in the 
discharge is much more noticeable. Hence, extreme accuracy is not essential 
in any particular study, except that the discharge should be estimated as 
closely as possible. 


TABLE 1.—Renative Vaturs or Economic Di1AMETER 


RewLative Economic RELATIVE Economic 
Relative value of Diameter, D Relative value of Diameter, D 
entire expression .|~———_————-———————__|_ entire expression 
under radical Gompaied by | Computed by under radical Computed by | Computed by 
sign, Equations Equations Equation sign, Equations Equations Equation 
(11), (26), or (82) | (11) and 26) GA (11), (26), or (82) any and ee) 2 
BPS w= 5. 
(1) (2) @ (1) 7° (3) 
0 0 1.25 1.033 1.039 
0.25 0.818 0.791 1.50 1.061 1.071 
0.50 0.904 0.889 1:75 1.085 1.100 
0.75 0.959 0.952 2.00 1.106 12125 
1.00 1.000 1.000 | 5.00 1.263 1.314 


ComPparIsSOoN oF RESULTS 


In 1934, detailed studies were made of a large power development to 
determine the economic diameter of the penstocks. Subsequently, formulas 
were developed as outlined herein, using the same general principles as in the 
detailed studies. For convenience of comparison, the methods used in deter- 
mining the economic diameter for this development are designated as A, B, 
and (. The same basic data were used in all three methods. 

In Method A the annual cost of friction losses and of the penstock steel, 
were considered. The annual cost of the entire length of penstock, and bend 
and entrance losses, in addition to the friction losses, were considered in 
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Method B; and, in Method (, a detailed study was made of the economic 
diameter of the penstock. Included in the latter were the annual costs of the 
penstock, friction, bend, and entrance losses as in Method B and, in addition, 
annual costs due to rack, valve, and cone losses. Water-hammer heads were 
computed separately for each assumed size of penstock. The economic size 
of the penstock, based on the minimum annual cost read from the Diameter- 
Total Annual Cost Curve, was 19.67 ft. The results of the computations by 
the three methods are summarized in Table 2. 


TABLE 2.—Comparison or Metnops to DererMINE Economic DIAMETER 
or PEenstock 


PERCENTAGE ERROR COMPARED 
with MerrHop C 


5 Di ter, —.—— 

Method Equation used D, in feet Total 
Diameter annual 

cost 

(1) (2) (3) (4) (5) 
Rie ent eee ee, (11) 18.29 —7.02 +2.22 
Re as Senn eed Ginlthe Skis Rabi (26) 19.03 —3.25 +0.65 

(Ce Sone rete ea ch eo Ova Detailed study 19.67 0 


For this particular development, the bend losses formed a large propor- 
tion of the total losses. Hence, since bend losses are neglected entirely in 
Method A, it can be readily seen that the value of D, computed by Method B, 
should be larger than when computed by Method A., In the same way, 
Method C includes other losses in addition to those of Method B, and hence D, 
by Method C, is larger than by Method B. Another factor that must be con- 
sidered is that Equation (26), for Method B, is approximate, and a more 
accurate solution would give a slightly higher value for D. Column (5), 
Table 2, shows the percentage’ errors in total annual cost of Methods A and B 


compared to Method C. The values of total annual cost, used to determine 


the percentage errors, were read from the Diameter-Total Annual Cost Curve 
for diameters corresponding to the three methods. 

Table 2 shows that consideration of additional hydraulic losses and the 
resulting cost of lost power justifies additional capital expenditure for a larger 
penstock. 

Use of Formulas——The data for the illustrative example are, as follows: 
Q = 400 cu ft per sec; e = 0.75; Ks = 0.401; Ke = 0.05; ky = 0.25; 
A = 25.9°; Kr = Ke + Ky = 0.05 + 0.1842 = 0.1842; Lp = 100 ft; 
Ly = 130 ft; H = 130 ft; a = $0.10 per lb; r = 0.17; sg = 12.000 Ib per sq in.; 
ej = 0.90; 7 = 0.20; f = 0.25; and b = $0.007 per kw-hr. 

The entire length of the penstock, and the bend and entrance losses, in 


addition to the friction losses, will be considered in the example. Equa- | 


tion (26) is used to determine the economic diameter, D; but, first, it is 
necessary to solve for the several constants. 


Substituting the foregoing values in Equations (23), and simplifying, 


J = 13.14 x 10*; G = 1058 x 10’; M = 883 x 10°; and, B = 16.4. Then, 
from Equation (26), D = 7.315 ft; say, 7 ft 4 in. 


- 
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Cnorcre or Formuta ror Friction Loss 


The Scobey formula (Equation (1)) was selected because it was the most 
authoritative and the newest available. Mr. Scobey deduced it after an 
extensive series of tests and a complete review and analysis of previous investi- 
gations. Among other factors, he allowed for the kinematic viscosity of 
water at 15° O (59°-F), and for Reynolds’ number. He also recommended 
proper coefficients for use in his formula, based on various classes of pipes 
and joints and ages of pipe, the coefficients being constant throughout the 
usual ranges of pipe diameters and water velocities. 


OtHER ForMULAS FoR Economic DiAMETER or STEEL PENstocKS 


Other formulas have been introduced by M. L. Enger®, and H. K. Barrows’, 
Members, Am. Soc. C. E., G. E. Lyon’, Assoc. M. Am. Soc. C. E., and 
by Messrs. R. L. Daugherty’, R. M. Peabody’, B. F. Jakobsen”, and W. F. 
Durand”. 

The Enger formula, as modified somewhat by W. P. Creager and J. D. 
Justin”, Members, Am. Soc. OC. E., is quite similar to Equation (33) except 
that they used the Chezy formula for friction loss. Professor Barrows gives 
a formula similar to Equation (11) except that he used the Weisbach formula 
for friction and assumed a value of efficiency, e, equal to 1.0. H. L. Doo- 
little, M. Am. Soc. O. E., outlines a method for the economic design of steel 
penstocks® and in their discussion® of that paper, Messrs. Daugherty and 
Peabody develop analytical solutions for the economic diameter. 

Of the foregoing writers, none includes hydraulic losses other than those 
due to friction, and only Messrs. Creager and Justin attempt to give any 
specific data on the variation in yearly losses with the annual load factor. 


Economic VELOCITY 


Table 3 summarizes computations made to determine the most economic 
maximum velocity, V, for maximum penstock discharges, Q, of 400, 2.000 and 
5.000 cu ft per sec, and heads for shell thickness, H, of 100 and 400 ft for an 
assumed set of conditions. The assumptions made for the computations are as 
follows: Ks = 0.400; e = 0.85; f = 0.20 corresponding approximately to a 
load factor, F, of about 50%; b = $0.003 per kw-hr; sy = 15 000 Ib per sq in.; 
e; = 0.80; a = $0.10 per Ib; r = 0.07; 4 = 0.10; and ¢ = minimum shell 
thickness = +; in. A 1-ft length of penstock was assumed. Frictional losses 


6 “HMeonomie Design of Penstocks’, by M. L. Enger, Engineering Record, September 12, 
1914, p. 300; also, Editorial in same issue indicating application to concrete pipes; also, 
inquiry by Mr. C. R. Steiner about article in Engineering Record, October 31, 1914, p. 495, 
and reply by Dean Enger in the same issue, pp. 495-496. 

7 “Water Power Engineering”, by H. K. Barrows, 1927, p. 344. 

8 “Beonomic Size of Pipe for Power Purposes”, by G. HE. Lyon, Engineering and Oon- 
tracting, May 10, 1922, pp. 436-4387. 

9 Transactions, A. S. M. E., Vol. 46, 1924 (Paper No. 1946), pp. 1178-1203. 

10 “eonomic Pressure Pipe on Penstock Pipe Design”, by B. F. Jakobsen, Engineering 
and Contracting, December 11, 1918, pp. 554-556. 

11 “Hydraulics of Pipe Lines”, by W. F. Durand, D. Van Nostrand Co., 1921. 

oa ay at arectysc Handbook, by W. P. Creager and J. D. Justin, John Wiley & Sons, 
1927, p. 414. 

18 “A Method for the Economic Design of Penstocks’’, by H. L. Doolittle, Transactions, 
A. 8. M. E., Vol. 46, 1924 (Paper No. 1946), pp. 1165-1178. 
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‘only were considered. Except for Item No. 1, Table 3, required shell thicknesses 
as computed from Equation (6) were in excess of the ~s-in. minimum. 


TABLE 3.—Summary or Computations ror Economic Vetociry 


Maximum . +s . Maximum 
tem (discharge, Pauation| Minimum poonomig Boonen, | discharge, Ged to" | -ahell [Economic ed 
No. Q,in cubic compute | thickness, diameter,| 77 in feet || No. i ib oe compute | thickness, er J, in feet 
eet oes D _({t, in inches} D, in feet per second / bes hae D t, in inches per second 
(1) (2) | @) (4) | 6) (6) (1a) 12) (3) (4) (5) . (6) 
H=100 00 Farr FOR SHELL THICKNESS H = 400 Furr ror SHELL THICKNESS 
i 400 (33) ts 7.40 9.31 4 400 (11) Not re- 
2 | 2000 | (11) | Not re- quired 6.03 | 14.03 
quired 14.49 12.13 5 2 000 (11) Not. re- 
3 5 000 (11) Not re- quired 11.85 18.13 
quired 21.30 14.04 6 5 000 (11) Not, re- 
quired 17.42 20.98 


Table 3 shows that V increases with Q and H. Inspection of the veloci- 
ties in Column (6) indicate that they are fairly representative of existing 
practice. Economic velocities for conditions other than those assumed may 
be found in a similar manner, or proportioned from the results given in the 
table (see Equations (11) and (83)). 


. 


AnnuAL Power Loss, Loap Factor, anp Loss Factor 


The average annual power loss is designated herein as Pa, and the maxi- 
mum annual power loss for load factor, F = 1.0, is designated as Pm. Corre- 
sponding discharges are Qa and Qm = Q. Since discharge is assumed as 
proportional to power generated, 


pee Bes 9 od cin ad ee (34) 
Qm Q 

For a penstock of a given diameter, the head lost varies as V** and Q**. The 
power lost varies as the product of head lost times discharge. Hence, the power 
lost varies as Q*° for friction; and as Q* for bend, entrance, and other 
hydraulic losses where ha varies as V? and Q®. The equivalent annual dis- 
charge which will give a power loss, Pa, corresponding to the load factor, F, 

and average discharge, Qua, is: 


= |e ais Ser ee CA Sa a We, sae ta Oe ine 
Ny Ng + ee 

in which q:, q, etc., are the discharges of .the eerie in cubic feet per 
second, for Nj, N2, etc., hr, for the given period and load curve. For simplicity 
the exponent and root in Equations (35) and (36) may also be taken as 3 
instead of 2.9 if desired. The relations between power losses, discharges, and 
loss factor is expressed by: 


. f ab Pa bye aes : 

Ps 7 (We 
in which j is a constant. For a 1-ft length of penstock, a given diameter, D, 
and f = 1.0 for F = 1.0, the value of the constant, j, in Equation (36) is 


‘| 


—— 
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determined from Equation (4) to be: 


Wo eeTTTGRt eee ee. ose eke eat ae lOT) 


Messrs. Creager and Justin present data“ and formulas which, reduced to 
the symbols of this paper, are as follows: 


Or Cr = ON = Oak ae ends eeT Sh hE eee 


Their coefficient, C,, varies with the load factor, Ff, and is given in their 
Fig. 48, which is used in their formula for the economic diameter of a steel 


0:8 |— 5 =| 4 
f Very Short Duration of Time 


0.7 


° 
a 


ear 


0.4 77 


Values of Loss Factor, f 
oO 
oa 


0.7 0.8 0.9 1.0 


——+ 
0. 0.1 0.2 0.3 0.4 0.5 0.6 
Values of Load Factor, F 


Fig. 1.—Loap Facror-Loss Factor CurRVES FoR WATUR CONDUITS 


Qa 


penstock.” Assuming that F = et , a loss factor was computed. and plotted 


as Curve D, in Fig. 1, from the relation: 


eo Wb) ue Je core EES cea h ? 


14 Hydro-Hlectric Handbook, pp. 82 and 83, Equation 19, and Fig. 43. 
15 Toc. cit., p. 414. 
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Loss Factor Data AND CURVES 


Fig. 1 establishes the limiting loss factor curves, A and B, for steel pen- 
stocks corresponding to the given limiting shapes of Load Curves A and B in 
Fig. 1(a). Load Curve A is of rectangular shape and of constant peak load, 
whereas, Load Curve B is of rectangular shape with a peak load of uniform 
and very short duration, extending above the rectangular part. The equa- 
tions of Curves A and Bare, respectively, f = F and f = F°*. Messrs F. H. 
Buller and G. A. Woodrow established similar limiting loss factor curves for 
transmission lines.“ Curve C is taken from their average experience loss factor 
curve for transmission lines, the basic plotted points for which were computed 
from a series of actual and representative load curves of public utility plants 
serving diversified loads. 

Curve D is an attempt to establish an average loss factor curve from data 
given by Messrs. Creager and Justin.“ Curve EH is a representative loss factor 
curve for water conduits, such as penstocks and tunnels, carrying water for 
public utility hydro-electric power plants serving typical diversified loads. It 
has been computed as follows: For any given load factor, F': 


| PRE EPR TAR BRT ae hk 


in which f, = the loss factor for transmission lines from Curve C for a given 
load factor, and f; = the loss factor for water conduits. For cases in which 
a fairly accurate load curve can be established, the longer method of deter- 
mining a value of Qe should be used (see Equation (35)). 

In Fig. 1, the value of Q for full-load water use is assumed to be that for 
full gate-opening, or for the rated horse-power of a turbine under its rated 
head. The friction head varies as V*° or Q**, and the power loss varies as 
Q°*. The power generated is assumed to be proportional to the water use. 
Until further data are available, the value of f for a typical load curve can be 
assumed to lie between Curves C and FH, probably nearer to Curve £. 

The curves of Fig. 1 may be used to estimate values of f for all water 
conduits. in which the friction head varies approximately as V*. The load 
factor, F, may be on a daily, weekly, monthly, or yearly basis. Mr. J. G. 
Tarboux uses a loss factor in formulas he develops for the economic size of 
transmission line conductors”, in a manner similar to the method described 
in this paper, for the economic diameter of a steel penstock. 

Table 4 summarizes computations made to check the accuracy of Equa- 
tion (40) and of Curve EF, Fig. 1, as applied to water conduits. A typical 
load curve of the Alabama Power Company’s system (mainly hydro-electric 
generation) was used as a basis. Its load factor was 0.795. Load curves for 
load factors of 0.321 and 0.550 were also drawn with shapes similar to that 


_ **“Load Factor—Equivalent Hour Values Compared”, by F. H. Buller and 
bes Aa, Electrical World, July 14, 1928, p. 59; also, Electrical World, August 18, Goss, 


oan “Most Economical Conductor’, by J. G. Tarboux, Electrical World, March 23, 


18“Determining Transmission Line Losses” by §. 
Electrical World, November 17, 1928, p. 993. : A EST ee 
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for a load factor of 0.795, except for the peak load. The loss factors for trans- 
mission lines in Column (3), Table 4, were computed on the assumption that 
the power loss varies as the square of the hourly ordinates (or load) of the load 
_curve. The loss factors for water conduits in.Column (5) were computed on 


TABLE 4.—Comparison or Loss Factors ror Loap Curves 


Loss Factor f 
Tem Load Transmission Lines Water Conduits 
a factor, 
: F Computed Read from Computed Read from 
from load Fig. 1, from load iFig. 1, 
curve Curve C curve Curve # 
(1) (2) (3) (4) 5. (6) 
1 0.321 0.144 0.166 0.082 0.067 
2 0.550 0.337 0.373 0.225 0.228 
3 0.795 0.655 0.677 0.561 0.563 


the assumption that the power loss varies as the cube of the hourly ordinates 
(or load). Inspection of Table 4 shows that Equation (40) and Curve EF, 
Fig. 1, are applicable in all ordinary cases. 


Economic DiAMETER OF PeNstock From Tota ANNUAL Cost CurRVE 


When it is desired to include costs other than those of, and in addition to, 
the frictional and hydraulic losses, and penstock steel, as given in the formulas 
heretofore developed, the procedure will be to assume several different pen- 
stock diameters and determine the annual cost for each diameter, including 
all the factors and elements of cost that vary with the diameter. These addi- 
tional costs which are affected by the penstock diameter include: (a) Intake 
cost; (b) penstock valve costs; (c) anriual saving in cost of concrete in the 
dam by using a larger penstock diameter; (d) cost of required generator fly- 
wheel effect for machine of desired rating, if more than that usually provided 
in a generator of normal design; (e) cost of surge tank, if any; (f) governor 
cost; and (g) cost of penstocks supports, ete. Referring to Item (d), the 
flywheel effect, is usually called W FR, which equals the product of the rotating 
weight of generator rotor, in pounds, and the square of the radius of gyration, 
in feet. 

The totals of the annual costs for all items for each assumed diameter 
are plotted as ordinates, with penstock diameters as abscissas. The minimum 
annual cost is found from the Diameter-Total Annual Cost Curve. For a study 
of this type, Equations (18), (19) and (20), will be found convenient to deter- 
mine the annual costs of the frictional and hydraulic losses, and penstock steel, 


respectively. 


Economic DIAMETER OF Penstocks For PuMPING PLANTS 


In general, the formulas developed in this paper for the economic diameter 
of steel penstocks for hydro-electric power plants apply to electrically operated 
pumping plants. In such a case, the annual cost of the power consumed in 
friction and other hydraulic losses, varies inversely as the over-all efficiency 


} 
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of the plant, e, since for a lower efficiency more power must be used to pump 
a given quantity of water against a given total head. On the other hand for a 
power plant, the annual cost of the power lost in friction and other hydraulic 
losses varies directly as the over-all efficiency, e, as shown by Equation (5). 
In Equation (11) for the economic diameter, e appears in the numerator of 
the expression under the radical sign, and in Equations (26) and (32), e as 
one factor in J appears in the numerator of the expression under the radical 
sign. 

It follows, therefore, that in using the foregoing formulas to determine 
the economic diameter of penstock for a pumping plant, the efficiency, e, 
should be placed in the denominator of Equations (11), (26), and (32). In 
these formulas it is assumed that the head consumed in friction and other 
hydraulic losses forms only a small part of the static pumping head, and, 
therefore, that the size of the pumpmg motors and plant remains constant for 
a reasonable variation in the size of the penstock. 

For a pumping plant with a very long penstock, and relatively low static 
head, it would be better to use the method outlined under the heading “Eco- 
nomic Diameter of Penstock from Total Annual Cost Curve”, and include the - 
annual cost of the pumping plant itself, and other variables, for each assumed 
diameter or plate thickness. 


CoNCLUSIONS 


The formulas developed in this paper are general, but they are intended 
to apply particularly to the determination of the economic size of a penstock 
of uniform diameter for a hydro-electric power plant, particularly where the 
power-house is situated immediately down stream from the penstock intake 
section of the dam. Equation (11) or Equation (26) is to be used, depending 
on the accuracy desired, or the amount of data available. 

For a long penstock, the diameter generally decreases toward the lower end, — 
and the penstock is usually made in sections of uniform diameter and the - 
same plate thickness, with transitions connecting the sections of different 
diameters. Equation (32) applies to this case. 
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APPENDIX 


Notation 


The symbols introduced in the paper are defined as follows: 


the cost of steel in the penstock, in dollars per pound. 


(6 gs 

A = the cross-sectional area in a penstock, in square feet. 

b = the value of power loss because of friction and other hydraulic 
factors, in dollars per kilowatt-hour. 

B =a constant in Equation (26), defined by Equation (23d); 


i ’ — 9 constant in Equation (82), defined. by Equation (30). 
0, = the coefficient used by Messrs. Creager and Justin, defined by 
Equation (38). 


D = the economic inside diameter of a penstock, in feet. 

2 = the over-all efficiency of a plant to: (1) The point where power 
is sold, for a power plant; and (2) the point where power is 
purchased, for a pumping plant; ej = the efficiency of the 
joints of a penstock, expressed as a decimal. 

E = the annual cost (expense) of a penstock of length, L, in 


dollars; H; = the annual cost of the power lost because of 
friction, in a penstock of length, Lr; Ey, = the annual cost 
of the power lost because of friction in a penstock, 1 ft long; 
E;, = the annual cost of the power lost because of hydraulic 
factors other than friction (such as entrance losses, bend 
losses, etc.); Hp = the annual cost of the steel in a penstock 
of length, Lp; En = the annual cost of the steel in a pen- 
stock, 1 ft long; H; = the total annual cost of a penstock of 
length, LD; Hy = the total annual cost of a penstock, 1 ft long. 
f = a loss factor, expressed as a decimal, corresponding to the load 
factor, F’, and defined by Equations (36) and (88). 
— the load factor. under which the plant operates (= average 


Te 
load -- maximum load); for a discharge proportional to the 
power generated, 7 = Qa + YQ. 

7 = the acceleration due to gravity (= 32.16). 

G = an algebraic substitution factor in Equations (26) and (82), as 
defined by Equation (28a). 

h = loss of head, in feet; hy = the head lost in friction, in a pen- 


stock of length, Lr; hp = the head lost in friction, in a 
penstock 1 ft long; ha = the head lost because of hydraulic 
factors other than friction; ht = the total head lost because 
of friction and hydraulic factors; hp» = the additional head 
lost, due to the introduction of a bend in an otherwise 
straight penstock; he = the head lost at the entrance to a 


penstock or intake. 


Qs. 


ky 


Tr 


Pate oe || 


II 
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the average head, on the penstock, including water-hammer 
effect, in feet (weighted average to be used if necessary ). 

percentage of overweight of steel in a penstock, due to laps, 
cover-plates, rivets, welds, ete., expressed as a decimal. 

a constant in Equation (36) defined by Equation (37). 

an algebraic substitution factor in Equations (26) and (32), as 
defined by Equation (23c). q 

A 


a constant in Equation (14) defined by ky = Ko + NEY 
usual approximate value = 0.25. ’ 

a coefficient; K, = a constant that modifies the expression! 
for head loss when bends are introduced in an otherwise 
straight pipe (see Equation (14)); Ke = a constant that 

. modifies the expression for head loss at the entrance to a pen- 
stock (see Equation (15)); Ks = a general coefficient in the 
Scobey formula (Equation (1)) which determines the head 
lost in friction; K; = a constant in Equation (13) to account 
for hydraulic effects other than bend losses and entrance: 
losses; Ky = the sum of all constants for hydraulic losses, 
as defined by Equation (13). J 

length, in feet: Ly; = length of penstock used to compute fric- 
tion loss when it differs from Lp; Lp = length of penstock 
used to compute the weight of steel when it differs from Dj; ; 

an algebraic substitution factor in Equations (26) and (82), as 
defined by Equation (28b). 

time, in hours, for a given period and load curve, during which} 
the penstock discharge is q (q, qe, ete., correspond witht 
Ni, No, etec.). 

annual power lost, in kilowatt-hours: Pa = average loss due to) 
friction and hydraulic factors, at the load factor, F;; 
P+ = loss due to friction in a penstock of length, Ly; Pp =: 
loss due to friction in a penstock 1 ft long; Pr = loss} 
due to hydraulic factors other than friction; Pm = loss due: 
to friction and other hydraulic factors, at full or maximum | 
load, corresponding to the discharge, Q, and the load factor, , 
HAO: 

discharge of a penstock, in cubic feet per second, during a- 
stated time, N, and for a given period and load curve; qi 
q2, ete., correspond to Ni, Nz», ete. 

the rated discharge of a penstock, in cubic feet per second, 
corresponding to full gate-opening, or the rated horse-power 
of the connected turbine or turbines (or as limited by the 
generator capacity), when operating under rated or normal 
head (in this paper, penstock discharge is assumed to be 
proportional to the power generated, and Q is assumed equal 
to Qm); Qa = average discharge corresponding to the average 
power generated during the period and for the load curve 
considered; Qe = the equivalent discharge, for the period. 
and load curve considered, to give a power loss for the period. 
equivalent to the actual power loss for the period and the load 
curve considered (see Equation (35)); Qm = the maximum 
a for the load factor, F = 1.0 (Qm is assumed equal 
0 Q). 

the ratio of the annual fixed, operating, and maintenance 
charges to the construction cost of the penstock. 


= 
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i“) 


No 


I I 


unit stress, in pounds per square inch; sy = the gross allowable 
tension in the penstock steel. 

the thickness of the steel in the penstock, in inches. 

the velocity of the water in the penstock, in feet per second, 
corresponding to the discharge, Q. 

weight of steel, in pounds per cubic foot (= 490). 


‘weight of steel, in pounds, in a section of a penstock of length, 


L; W; = weight of steel in a 1-ft section of a penstock. 

a variable exponent of diameter, D (see Equations (24), (25), 
and (31)). 

a variable exponent of diameter, D (see Equations (24) and 


the angle of bend in a penstock, in degrees. 
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STRESSES AROUND CIRCULAR HOLES 
IN DAMS AND BUTTRESSES 


By I. K. SILVERMAN?, JUN. AM. Soc. C. E. 


SYNOPSIS 


Oracks that have been observed in dams have sometimes been attributed to 
the presence of drainage or inspection galleries which are parallel or trans- 
verse to the axis of the dam. Some observers have stated that these cracks 
generally start from the gallery and in some cases travel to both down-stream 
and up-stream faces, thus dividing the structure into two or more parts. In 
other cases these cracks are purely local and extend only a short distance from 
the gallery into the main part of the dam. Both these types of eracks can be 
observed on the faces of buttresses. 

The stresses which occur around these openings are due to volumetric 
changes arising from shrinkage, temperature, etc., and to water and mass loads. 
An attempt is made in this paper to analyze the stresses around a circular - 
opening caused by water and mass loads. . 

Notation.—In the notation introduced herein (see Appendix I) an effort 
has been made to conform to the. American Standard Symbols for Mechanics, 
Structural Engineering, and Testing Materials’, compiled by a Committee of 
the American Standards Association, with Society representation, and 


approved by the Association in 1982. 


GENERAL FORMULAS 


Both theory and experiment® have shown that, in a large body, the effect 
of a relatively small opening is a purely local one. The stresses at points that 
are removed a sufficient distance from the discontinuity are essentially the 
game as if there were no hole. A case that has been investigated to some 


Norr.—Discussion on this paper will be closed in March, 1937, Proceedings. 
1 With U. S. Bureau of Reclamation, Denver, Colo. 


2A. §. A.—Z 10a—1932. 
3 “photo-Elasticity”, by BH. G. Coker and L. N. G. Filon, pp. 481 et seq., Cambridge 
Press, 1931. 
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extent is that of a circular hole in a bar subjected to uniform tension. The 
normal stress, snz, on Section AA of Fig. 1‘ is given by, 


a&-Y: 


».¢ 
Fig. 1 Fie, 2 


in which s = the total load divided by the gross area of the bar; rn = the 
radius of the hole in the bar; and p = radial distance from center of hole. 
As p increases snz approaches s. In the immediate vicinity of the hole, how- 
ever, the stresses are larger than those calculated as if no hole existed; and 
8n@ = 3 8 in Equation (1) if p = ™. 


Stresses Dur to Water Loap 


Although openings in dams or buttresses are not always circular the state 
of stress around such openings may be examined on the assumption that they 
are circular. In the analysis which follows the usual assumptions of homo- 
geneity, elastic behavior, and the applicability of Hooke’s law, are made. Tri- 
angular dams and buttresses subjected to hydrostatic loadings are usually 
designed on the assumption that the normal stresses, sn, on a section are dis- 
tributed linearly (see Fig. 2) and are given by, 


BEND ALE omy ied 
a ae 2 ie oe BAGS S (2) 
in which p = pressure at a unit distance measured from O along the up-stream 
face (Fig. 2); K = a substitution factor = tan a; a = the angle between 
the battered faces of a dam; and x and y are variable distances measured 


in the X- and Y-directions, respectively. The shear stresses, ss (see Fig. 2), 
are given by, 


‘Theory of Elasticity”, by S. Timoshenko, p. 78. 


r 
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Considered as a two-dimensional problem, the equations of equilibrium 
of a rectangular particle are: 


eo a. Wis en ee (4) 

= 5 Nae TRS ae ava 
and, 

Sie MCSE here, J ASS (5) 

oy Ox 


To preserve geometrical continuity under Hooke’s law and to satisfy the 
equations of equilibrium, the stresses, sz, sy, and ss, are defined as follows: 


2 
o— De eRe G! ad fot ces a (6a) 
oy” 
eg 
= Seay ay eS ee ee (6b) 
and, 
2 
83 = -- BOS NS Jap tha Saw i Se ee (6c) 
ox OY 
in which, fF’, the Airy stress function, is given by the following: 
4 4 4 
ei eo ar Faas fy Goal ek wn (7) 
out Ou? oy? oy 


A solution of Equation (7) that satisfies all boundary conditions for a 
triangular dam section loaded as shown in Fig. 2 is: 


Hip Oa | PU ey hi eS eae 
Dip ise 3 K 6 
from which the stresses by Equation (1) are found to be: 


2 
= oF Pee 2p te ee (9a) 
oy? R? K3 
oF 
= a FE Hg ae OOO COO CODE ATIC On 9 
Sears GE Lieve « (9b) 
and, 
2 
3. oF =-— Py ee eee eee eee eer ene eee (9c) 
ox oy gS 


Transferring the origin of co-ordinates to %o, yo (Fig. 3(a)), and using 
polar co-ordinates, the stresses acting on a particle bounded by the arcs of two 
concentric circles and by two radial lines (Fig. 3(b)) are given by: 


s, = 2 | Bpsind + 6K yw sind + 3 psin ae 
6 K3 


+ (22K 2K 2) co 6 + (05-8 Km — 8K 20) cos 2 6 


- (See +2? x) cs804+3K°*m +6y—8K ra] ---- (10 
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alsa 32 x:) dnd +(8y—8 Kw — 8K x)sin 26 
We 2 2 


Bin 30-48 p cos 0 — 0K yo con 2 6 — 8p cos3 0 |.(AN 


=— sal 6x “(0 cos® 6 + ao cos” ) 512 (» sin? 9 + yo sin’ ) 
K3 
6 K -6K(3 p sin? 6 cos 8 + 2 yo Sin 6 cos 6 + Xo sin” )] eyesnate (12) 


in which p and 8 are the polar co-ordinates. 


Sspe 


_—_— 
Sp 
(0) 
Fic. 3 
If a solid disk of radius, p = ro (outer radius), is considered to be cut 


from the triangular section, the stresses acting on its boundary are obtained 
by inserting p = ro in Equations (10) and (11). If, now, p = ri (inner 
radius) is the radius of the circular opening, then in accordance with the 
assumption that the stresses on the boundary, p = ro, are the same as if no 


hole existed, the problem reduces to the study of an annular closed ring 
subjected to the following stresses: 


n=3 n= 


Ssot== AS + S)Ancosn +S) By sin n 6 le Gea ee (18a) 
w= 1 a= 

Sot =.0 CCAS Hes Bevag's ae he cee che ah ee eee Cn ee (136) 
n=3 n='3 : 

ap = Ci, +S Creosn d+ SY) Dysinn here (13¢) 
n=1 n=1 ‘ 
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and, 


in which sy. = the radial stress for a radius, ro; sp), = the radial stress for 
a radius, ri; Sso = the shear stress for a radius, ro; ssi — the shear stress 
for a radius, ri; and Ao, Co, An, Bn, Cn, and Dn are defined as: 


Ag = — SE (Ki to + 2 to — Kt) ve eepeeeee (14a) 

Dp To sf 
Al rerral s Ky eat DO, vee At feet tae (140) 
a iis Kits SRE ie DEA rae (14c) 

Pato SAE y 
aie KOR NSE ay ED Pest ea (14d) 
Beate 38 CeCe ee (14e) 
B,=— Bik SNC pein aM ee saod 5 oo eae (14f) 

and, 

(Ore = Cee er eich a eae ARE cies haus eee 


The analysis of this annular ring, given in Appendix II, results in the 
following formulas for the radial, circumferential, and shear stresses in 
the proximity of the opening: 


tp = Ao ( — =) +m (af, cos 9 + Masin 0) (2 = =n) 
p” Th p® 


, r i 
— (A, cos2 0+ B, sin 2 6 4 1-8") 


p p 
M : .p rs Tn 
— Th ,cos 30+ M, sin3 @ ek Seeriigaes late aero) 
Th p p 


hs rn : p Th 
se= Av. (1 + —) +m(M, cos 6 + M, sin 0 3—-4+-— 
p Fee P. 
— (As co82 0+ Besin2 0) (3 Ey > 1) 
p 


+nn(M 3 0+ Msn 30)(—£4 47) a kege (16) 
p 


Th p 
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S,= Tr (Z at es) (it sn 0 — a 08 ) = (4:sin2 6 — B, cos 2 a) 
Th p® 
Mis ay Rey uk en Peet pas Te sm) (a1,sin80—M,c0880) 07) 
p* p C tet p* 
in which M, = ——2- ( K°—K ); m, = — —P_; and, M, =2-(x a8 BK), 
4 K 2K? 4 K* 

Equations (15), (16), and (17) suffice for the determination of the prin- 
cipal stresses near the opening. The hoop stresses may be determined from 
Equation (16) using p = rz and results in, 

So = 2Ao + 47m (M, cos 6 + Mz sin 0) — 4 (A. cos 2 6 + B, sin 2 0) 


— 4, (M3-cos. 3 0.4--RG siti'3 8) ce ee 


Stresses Due to Mass 


The equations of equilibrium of a particle (Fig. 3(b)) under the action 
of gravity forces are as follows: 


OS hr 08 Ny Se SG oot OB) Oe (19a) 
op p 00 
and, 
OSe OSs; 2 Ss : 
= a — —csin (@— B) =0............ 19b 
p 06 Op: a p be 
in which ¢ = the weight per unit volume; and 8 = the angle between the © 


direction of gravity and the X-axis. 
If the stresses are now defined by, 


oF ior 
= — — —cpcos(@# — B)............. 20 
p Pry, Db p ( B) ( a) 
2 
ap Oe ee aod (8B) te (20d) 
Op? 
and, 
0 ( 
86. he) an est See be ee 20 
: op a) See 


the equations of equlibrium and the compatibility resulting from Hooke’s law 
will be satisfied if F is a solution of Equation (21): 


role 1 Oo laos oF 1 Eth 1 oF 
Severs carederae 
( op* p op p> of? op? he p op ta “6 FO 


| 
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It will be found that the Airy function, F, corresponding to mass and 
satisfying the boundary conditions for a triangular section is given by, 


By = = Ler? + (6, ha + Gy — 2 049A) 9 + 8 ob 2 eeinaree (22) 


in which, c, = ¢ cos B; co = ¢ sin B; k, = cot a (see Fig. 2). Transferring 
the origin to 2%, yo, and using the definitions stated by Equations (20), the 
stresses are the following: 


1 3 3 
»= 4/4 ar at 5 ks 60a cosa 


+{8ohm +34 Gh +4 —2a%) — 3a cos 2 6 


4 {22am 8 a cos 0+ {32 kh +a—2ah)— Ge plsing 


3p 


Scare Et AG Bagh C= 2 Oa ',) in 3:0 


+48 (¢, ke + c. — 2 Cy k*s) + 3 ky %—3 GY Lo — 6 Yo a ]----a) 


w= 1] 22+ Pat — Sao} cos 0 
6 2 2 


ao {3m — Saha — Sw lah +a—2aky)p ero 
+4 82o— ee (ik +e—2ek) — 60 pb sing 
+ 6 chs yo sin 20 — 2 (6 ky + a — 2 bh) sin 3 0 
+4 8m (sh + 4-261) +3aht%—30%— Smal]. .2o 


and, 


a = 1/82 (aK ee 2K) cos # + 6y, C2 K2 cos 2 6 
6 2 


= 3 Pp C1 ke + Co — 2 Cok’s cos 4 {224 3 inesp—op ob sin 
2 4 2 2 
+4 8eh to + (ok + = Bak) 8% — S40 f sin 2 o 


+ {92 ab — BP of in 8 Of ance esnse ee 8) 
2 2 
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The stresses given in Equations (23), (24), and (25) may. be broken into 
two separate stress systems each of which are compatible and satisfy Equa- 
tion (21). Let sp = (sp )1 + (8p)113 Se = (8o)2 + (S011; and ss = (88)1 + (ss) 
The ‘stresses defined by the subscript, II, or the stresses in System II, are 
given by: 


(sp) = — Cp COS O — Cop SIN B..... 0+ eee eeee (26a) 
(80)11 = — C1 p COS 0 — Ce p BIN Oe. . snes eens e ns (26D) 
and, 
(ss) 11 = Ooi ake ei Eek at es, SO 
The stresses of System I are then determined by: (s,)1 = 8. — (Sp)u3 


(se)r = 8 — (Se); and, (Ss)1 = Ss. 
Stresses Due to System I.—F rom this system, 


Ao = rf (« ke Ew 2 Gs k’, es -) + - («: ke _ «) econ eveecee cree (27a) 


A, 


A, = — D; =1),, (ws = “.) + Yo (at. Se ee zak.) . (27¢) 


II 
S 
II 
\3? 
ee 
Ny 
+ 
= 
a 
i) 
eee 
~ 
bo 
J 
oS 
Ww 


A, = — D, = i (sek e a) Sigs cue Be eee (27d) 

B= —0=% (oh + 4 — 20K) rer teen er 

By =e Og =) Cay Yours: osc os as Es Selsey sad sn oes Se 
and, 

Oe 0) are tkdisiuth iy Ele alent widen hee whe gone Sie ses ty eee a (27g) 


Using Equation (43), Appendix II, the state of stress around the open 
due to System I is described by the following: 


s= Ao( 1 —*) Bi. re [ (a+ i) cos 6 + (ahta—2a%) sno | 
F : 
(2-2) (dco 26 + Bin ee Pi Aen omy Ye 
fon ad p* p* 
— 2 (8ah—«) cos 360 + (ah +a-20%) sin 30 


3 
x[-£4 5 68) es 


Tr p® p> 
4 
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= 2. 
Se = Ao (: +2) 4 fal (« ++ ck) cos 6 + (ck + ¢2 — 2s) sin | 
a ee ere. A i e 
+ —)— 2 cos 20 + B, sin 20 3—+1 
Th p® p* 
5 ta (Beak — a) cos 80 + (ails +e — 20) sin 8 | 


x(—£ 4-42) iy: ee MERON en O35 


5 


Sao Bl (a+ ck) sin 6 + G: + ¢— 2 i) cos (2 ns: 
4 Th p° 
+ (asin 26 — B, eos 20) (3% —1-2 ) 
p* p” 
ie fal (eck — «) sin 39 — G: ante 2a.) cos 30 | 


x[4o_2- a0] eat, pid Vase aay a OAC) 
p 


Th p° 


Substituting p = rm in Equation (29) the hoop stresses are: 
So = 2Ao + rh (« -- cls) cos 6 + (« kee + C2 — > eels sin | 


—4 (4 cos 26 + By sin 26) 


—nl(3 Co k2 — a) cos 80 + G: +o—- Det) sin 30] Bidia ofl) 


Hoop Stresses Due to System IJ.—An investigation of System II shows 
that these stresses hold the weight of a solid disk of radius ro, in equilibrium, 
whereas the stresses of System I give a zero resultant on the circumference, 
p = 7. Consider an annular disk of the outer radius, 70, and the inner 
radius, ri, subjected to gravity forces. If all the stresses on the radius, ri are 
zero, the resultant of all the forces on the radius, ro, must be equal to the 
weight of the disk. If System II is to be applied to an annular disk, ¢ must 


be made to equal to: 
2 
c= “(2 A ean ett ogee SACD) 
a5 


: 2 
resulting in a modified System II given by (sr)n = c (2 os 1) p cos 0; 


2 
(so)u = (2 1) p cos 6; and (ss) = 9. 
To 
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An Airy function, 7, may be written for this system: 


F = 4. 7% pO Sin 0..... 0. ce eeeeeceseecere (33) 


From Equation (20) it follows that, 


oo (e- °) CORO Serer tie teen (34a) 
p 
Sp = — Cp COBB. ta cous sens scte sce wage ose Ome 
and, 
ee ee a ee ee, (34c) 


4 5 
FOr: po==Fi:8 p= 85. —= Osiand; 20% pes ty; Bp — € (2—») cos 6; and, 
To 


Ssh 

The hoop stresses due to System II are s) = c ra cos 6. These stresses 
must be added to those of System I to describe the complete state of stress due 
to mass. 

Application —The foregoing equations will be applied to the determination 
of the stresses around a circular hole in a buttress of a hollow type dam with 
the following design characteristics: 


Clear spacing between buttresses, in feet................ 55 
Average thickness of buttress,-in feet...............-.. 5 
Up-stream slope of buttress. ......... 00. cee cece eee eee 0.9 
Down-stream slope of buttress. ...........-seeceescoscee 0.36 
Heightrot dam, Asin stecter. wets. sore cite dete eters nkclote spears 200 
Radius of circular opening, 0.02h, in feet.............. 4 
Weight of water, in pounds per cubic foot.............. 62.5 
Weight of concrete, c, in pounds per cubic foot.......... 150 


The location of the center of the opening is given by x) = 0.5h, and 
Yo = 0.2h. From the spacing, thickness, and up-stream slope of the buttress, 


{ Me Oo 
—— (62.5) (55 + 5) (sin 48°) (55 2 (sin 48°) = 556 lb per sq. ft.; and ¢ = p X a 
; 


= 0.27 p. It follows that: K = tan a = 1.864; K. = cot a = 0.5365; and, 
B = 42 degrees. 
Stresses Due to Water Load—Using Equations (14): 


Ao = — 0.2089 ph M, = — 0.1780 p 
B, = — 05757 ph M; = + 0.4657 p 


Substituting in Equation (18) the “hoop stresses” due to water load are: 


So = ph [— 0.4178 — 0.01424 cos 6 — 1.16 cos 26 — 0.03726 cos 30 
— 0.006177 sin 6 + 0.2303 sin 26 + 0.006177 sin 30]....... (35) 
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Stresses Due to Mass.—Let c, = ¢ cos B = 0.7431 c; and, c. = ¢ sin B 
= 0.6691 c. From Equations (27): Ag = — 0.1616 ch; Ae = — 0.02780 ch; 
and, B, = — 0.07180 ch. 


The “hoop stresses” due to mass are combined with System IT: 
Sos Ole | - 0.82382 + 0.00204 cos 6 + 0.1112 cos 26 — 0.006678 cos 34 
+ 0.013865 sin 6 + 0.2872 sin 26 — 0.01365 sin a0 | chine Sale ai Ges Gy) 


Combining Equations (85) and (86) the “hoop stresses” due to water and 
mass are, when c = 0.27 p, as follows: 


Son Dil i 0.5051 — 0.00829 cos @ 1.18 cos 20 — 0.08906 cos 36 


— 0.00249 sin 6 + 0.3078 sin 20 + 0.00249 sin a0 | nabpovoe (37) 


TABLE 1.—Hoor Stresses Dur to Compinep Mass anp Water Loaps 
(ph = 771 lb per in.’) 


— = COMPRESSION + = TENSION 
Unit stress, in Unit stress, in 
0 8, pounds per square 0 8p pounds per square 

inch inch 

0 —1.6825 ph —1300 180 1.5877 ph —1221 
30 —0 .8094 ph —623 210 —0.7976 ph —613 
60 +0.3583 ph +276 240 +0.2937 ph +226 
90 +0.6200 ph +478 270 +0.6300 ph +485 
120 —O0 .2438 ph —188 300 —0.1696 ph —131 

150 —1.3282 ph —1022 330 —1.3451 ph —1035 


These stresses are plotted in Fig. 4 and the unit stresses are given in 
Table 1. Maximum tensile stresses exist in the neighborhood of -6 = 90° 
and @ = 270 degrees. For 6 = 90°, the circumferential stress, s., as a func- 


tion of (2) is given by; 


Th 


ry p Tn ih 
Se = ph\. — 0.2525( 1 +— )— 0.000622( 3 —4— + 0.2825(3—"+ 1 
Pp 
p° h p p! 


5 
x 0.000622 (-£ Lent 12) - 
Th p* p° 


eta oe ee CO) 


These stresses are plotted in Fig. 5. 
To determine the total tension which must be taken by the reinforcing 
steel the area under the curve of Fig. 5 may be determined, or the following 


integral evaluated: 
2.5rh 
Total tension = ff Shid pil eran es 
H 


"h 


Perea Sep) 


3 OTS 
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in which s, as given by Equation (38) is to be inserted in Equation (39). The 
upper limit is determined by an examination of Fig. 5. Performing the inte- 
eration: Total tension = ph ra [—0.2525 (2.1) — 0.000622 (8.295) + 0.2825 
9.436 + 0.000622 (— 3.1794)] = 68988 lb. Using an average stress of 


(Xo, Yo) 
Sd 
a Values of ph . 
Fic. 4.—sg STRESSES Dun TO Fic. 5.—VARIATION OF sg STRESS ALONG SECTION 
MASS AND WATER 6 == 90 DEGREES 


68 988 


18 000 Ib per sq in., the area of steel required is af = 8.83 in. The spac- 


ing of this steel is easily determined from a consideration of Fig. 5. The 


percentage of steel is Bee p00) tae = 0.444 per cent. These values are for 
(1.5 7,) (144) 


a unit thickness of buttress. 


CoNncLUSIONS 


The formulas derived in this paper enable the designer to determine the 
regions around openings in dams and buttresses where tensile stresses may 
exist. Stress trajectories may also be determined by use of these equations. 
Furthermore, an estimate may be obtained of the reinforcement needed to 
take care of such tensile stress. In the case of gravity dams these equations 
are limited to longitudinal galleries. 


APPENDIX I 


Novation 


In the following notation, presented for convenience of reference, an effort 
has been made to conform as nearly as practicable with “Symbols for 
Mechanics, Structural Engineering, and “Testing Materials”, advanced by the 
American Standards Association.2 Symbols used simply. as general mathe- 
matical coefficients are not included in the list, their definitions being given 
clearly in the text. Where such coefficients conflict with symbols also used 
in the paper (such as c = mass), the distinction is explained at each point. 

C = a constant; 
¢ = weight per unit volume; 
F = the Airy stress function; 


pense ~~~ 
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f = a substitution factor defined by Equations (47d) and (47h), 
Appendix IT; 
a substitution factor defined by Equation (46b), Appendix II; 
the gravity constant; also, where so indicated, gn = a substi- 
ees factor defined by Equations (47)e) and (472), Appen- 
ix II; 
height; also, where so indicated, hn = a substitution factor 
defined by Equations (47f) and (47j), Appendix IT; 
= a substitution factor defined by Equation (47c), Appendix IT; 
kK = tan a =} 2) substitution factor; K. = cot a; 


eq Q 


I| 


len a substitution factor defined by Equations (47g) and (47k), 
Appendix IT; 
M, | 
tp | = (see Equations (48), (49), and (50), Appendix IT) ; 

3 3 

m = an abstract number; 

p = unit, hydrostatic water pressure ; 

q = the ratio, is 

fn : 

r = radius of a circle, as distinct from the polar co-ordinate dis- 
tance, p; mn = radius of a circular hole; rj = the inner 
radius of an annular ring; ro = outer radius of an annular 
ring; 

s = unit stress in general; in particular, s = total axial load 
divided by gross area; sn = normal stress; s; = shear stress; 
sy = stress in an X-direction; sy = stress in a Y-direction; 
Sp» = stress in a radial plane; so = stress perpendicular to a 
radial plane at any angle, 6; s: = stresses defined as belong- 
ing to System I; sy = stresses defined as belonging to 
System IT; 

x — distance measured in an X-direction; ao = the 2-co-ordinate of 
center of hole; 

y = distance measured in a Y-direction; yo = the y-co-ordinate of 
center of hole; 

a = angle between the battered faces of a dam. 

@ = angular distance; a polar co-ordinate; 

p = a radial distance; polar co-ordinate; 


APPENDIX II 


Anatysis or AnNuLAR Rina 


An annular ring of outer radius, ro, inner radius, ri subjected to the 
boundary stresses as given by Equations (13) can best be studied by use of 
Airy’s function in polar co-ordinates. Corresponding to Equation (7) in 
cartesian co-ordinates, there is a similar equation in polar co-ordinates : 


2 2 2 
O° eee a am) (26 4 4 a) = 0.40 
Op” p Op p> o8? op? p Op p*. Oo? 
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with stresses defined as follows: 


hte: 1 o% 

ee oe 
p Op p? dp? | 
2 

so = gts | cece ree eee cee ee cece (41) 
oe? 


and, 


The general solution’ of Equation (40) is: 


b = ao log p + bop’ + cop’ log p + dop* 6 + Wo 0 
+4 p6sino + (m0 + a.p* + Dip log °) cos 6 
2 


aig 6 cos 6 + (ae + c1p' + dip log °) sin 0 


no 


+ » ( p" ae Ga ite +. an p” = bn e~) cos n A) 


n= 


no 
<5 > («» p" + dnp” + cnp”™ + rp") Sin 7:0. vane (42) 
n=2 
in which an, bn, Cn, and dn are mathematical constants. In order that the 


stress distribution and displacements may be single valued, c = do = 0; 
and in order to satisfy the boundary conditions imposed by Equations (13) : 


2 2 
ie OS SOY PER Re 
1—¢ 
and, 
bg a Ao 7 iy 
2 1—q 
From the fact that A, = D, and B, = — (,, it follows that d’, = W’, = 0. 


In their complete study of the circular ring, Messrs. Coker and Filon’, have 
shown that the remaining constants are given by, 


ri 
pra iA ee M ee eae 
2 (1 — @) be 
af ATT oIe Ae Ove RS ee 
bilo cue ay ae 
Her By eee 


0 — ee a.0 4.0 \o\n, 
2(=q)) 
°“Theory of Elasticity’, S. Timoshenko, p. 114. 
°“Photo-Elasticity”, by EB. G. Coker and L. N, G. Filon, 1931, pp. 374 et seq. 
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Substituting values of An in Equations (14). into Equations (46), the 


| 


factors are determined to be as listed in Table 2. These values can be used ~ 


TABLE 2.—lLisr or Facrors mv Equations (46), In TERMS OF An AND Bn 


Values of f ee g g , h h’ k k 

n 
WE kahit. eee er 4Ao 4Bo 6A2 6Bz —2q?A2 —2¢°Bo 0 0 
STS Frio EO Te 6A3 6Bs3 8A3 8Bs —2q'!As —2q'Bs 0 0 


SS a em 


for the solution of Equations (45). Assuming that a plate is infinite so that 


6) a 0, the stresses, So, se, and ss, can be obtained by the use of Equa- 


To 
tions (41) to (45), inclusive, the result being as follows: 


2 
t= A ( — 2) + Th (20 cos 6 + M, sin (2-8 
p? Th p* 
— (Asc 20+ Brsin ge) (4 2 —1—a Sa) 
p p! 
ra( se on 3.0 +B sin 8 0) (— 2 + 521 4%) iia, Mas (47) 
Th p* p° 
aed. ry . p to 
S =Ao (1+ —)+7( M, cos 6 + Mz sin 6 2 oti dee 
p? Th p° 
~ (Aveo 20+ Risin 20) (9% 41) 
. p* 


+1 (ah eons 30+ ah singe) (— A ae Rah ate rote (48) 
Th p* p 
and, : 
Py Sh in (2-2) (8 sin 6 — M, cos ) 
Th p° 
4 7, 
+(s%-1-9% BV (4, sin 2.0 — Boos 26 ) 
p p 
a p Tp, 
+ r, 4S ae a Sr M; sin 3 6 — M, cos 8 6 oe we (400 
p Th p* 
P 78 > 
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RECLAMATION AS AN AID TO INDUSTRIAL AND 
AGRIGUIGTURAL-BALANGE 


By ERNEST P. GOODRICH, AND CALVIN V. DAVIS,2 MEMBERS, 
AM. Soc. -C. E. 


Synopsis 

The economic pattern that has evolved from the troublesome years of 1929 
to 1936 indicates that the future industrial structure will be related inti- 
mately to agriculture. Reclamation projects scattered over the Western States 
can have a profound influence in strengthening this link between the factory 
and the soil because many of these districts are ideally suited for develop- 
ment as complete economic units rather than as agricultural projects alone. 
A review of the benefits that may be obtained by co-ordinating industrial and 
agricultural activities on reclamation projects is presented herein. 

The writers have studied this problem from three angles: First, the decen- 
tralization of industry; second, the diversification of labor; and third, the 
co-ordination of industry and agriculture. Part I is devoted to a review of 
the basic principles of each of these factors. In Part IT these principles are 
applied broadly to an actual project to illustrate the industrial and social 
* growth that could follow the construction of hydraulic works in a given area. 
These potential benefits are illustrated further in Part III by a more detailed 
analysis which demonstrates the possibilities of co-ordinating industry and 
agriculture within one of the irrigation districts that will benefit from the 
projects. Although the conclusions are based on a specific investigation, they 
would also undoubtedly apply to many of the new irrigated developments 


that have been made available by Boulder Dam, and other great water con- 


servation projects. 


Norey.— Discussion on this paper will be closed in the March, 1937, Proceedings. 


1Cons. Hngr., New York, N. Y. 
2Chf. Engr., Ambursen Dam Co., Inc., New York, N. Y. 
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PART I—BASIC PRINCIPLES 
Tue DECENTRALIZATION OF INDUSTRY 


Historical—Industrial congestion in thickly populated cities began with 
the domestic system long before the industrial revolution. In the early days 
employers furnished tools, equipment, and housing to workers, who conducted 
most of the manufacturing operations within their own homes. 

The domestic system led to the establishment of the manufacturing towns 
and cities and these, later, furnished the labor supply for the factories which 
sprang up during the industrial revolution. The first commercial steam 
engine manufactured by James Watt in 1776—the engine that was really to 
begin the industrial revolution—started factories on the road to overgrowth. 
Steam power had to be used at its source; therefore, great size and economy 
of operation went hand in hand. 

A continued increase in the population densities of industrial cities 
accompanied the overgrown factories that followed the industrial revolution. 
Many of the wretched social conditions, that the nation is now striving so 


desperately to correct, have been inherited from this particular stage of eco- — 


nomic evolution. The industrial worker of the city, with his abilities nar- 
rowed by mass-production methods, has no alternate means of livelihood 
during “shut-downs.” 

The mobility of electric power stands in sharp contrast to the fixed nature 
of steam power. Electric power, therefore, will be an important factor in 
the breaking down of great industrial units into smaller and more efficient 
production plants. Long-distance electrical transmission can make it possible 
to distribute these smaller plants over rural areas in locations where co-ordi- 
nation with agriculture may be effected. 

Principles and Trends.—Decentralization means the transfer of industry 
from the great factories of the industrial city to smaller plants in suburban 


or rural areas. In some cases both workers and plants are being relocated; 


in others, branch plants are being established. 

The purposes of decentralization are: (1) To build partly self-sustaining 
areas; (2) through the establishment of controls, to balance production and 
consumption within these areas; (3) to lower greatly the cost of distribution; 
(4) to increase living standards by decreasing costs and by increasing both 
production and consumption; (5) to eliminate the evil effects of mass-pro- 
duction methods on industrial workers by the diversification of labor; and 
(6) to create better social conditions by moving workers and their families 
away from congested industrial districts and giving them the many advan- 
tages incidental to suburban or country life. 

Industry is moving away from the congested industrial centers of the 
East. Evidence of this fact may be found in the “Industrial Census” which 
shows that the center of gravity of manufactures moved 329 miles westward 
between 1849 and 1919. During the thirty years between 1899 and 1929, in 
the areas of “primary concentration” (the big industrial cities), the number 
of wage jobs per 1000 population fell from 124 to 106. In the areas of 
“secondary concentration“ (the outlying fringes of the great manufacturing 


~~ 


November, 1936 RECLAMATION AND INDUSTRIAL AND AGRICULTURAL BALANCE 1379 


centers and the smaller industrial towns), the corresponding decrease 
was less—from 106 to 105. Throughout the remainder of the United States, 
or the rural areas, however, the number actually increased from 34 to 45. 

Other evidence of the trend of industry to locate in suburban or rural 
areas may be found in the statistics of plant movements between 1927 and 
1929. During that period, 287 industrial plants, affording 18599 wage jobs, 
were moved. Of this number 5 654 employees were moved away from the big 
cities, 1933 going to the smaller cities and 3721 going into the country or to 
small rural towns. 

Future rural relocations will generally be accompanied by decreases in 
the sizes of production units. Recent studies of the economic sizes of manu- 
facturing plants have shown conclusively that relatively small production 
units give the most satisfactory results. L. W. W. Morrow, Editor of the 
Electrical World, presented the following significant facts® relating to this 
subject. 

An investigation of the machine tool industry made in 1932 shows that 
the economic size of a plant is one that uses 80000 to 100000 man-hr per 
yr; yet 964% of the plants in this industry have a greater productive capacity. 
Studies of three other industries show the same facts—that is, a relatively 
small production unit is most economical; but at present the greatest produc- 
tive capacity is found in the larger plants. 

Tn 1933 a certain manufacturer supplied the national market from three 
plants and manufactured eight products. To-day, this manufacturer has 
forty plants, one in each market area, and sells sixty-five products through 
one sales organization. Present earnings are highly satisfactory. 

As a result of his studies, Mr. Morrow concluded that: 


“An analysis of the growth of manufacturers shows that small plants or 
branch plants are being built in each market area and, on the whole, these are 
more prosperous, than the large plants supplying the national market because 
they restrict their activities to sales in these local areas. The manufacturers 
who make one product for the national market with a single production plant 
in one location are suffering the greatest losses.” 


Mr. Henry Ford, a pioneer in the decentralization movement in the 
United States, has long advocated both the diversification of labor and a 
return to the small factory. Extensive experiments in industrial decentraliza- 
tion have been conducted in the vicinity of Dearborn, Mich., with the results 
summarized in the following statement by Mr. Ford’: 

“Ten years ago we started seven village industries on small water power 
sites, all within twenty miles of Dearborn, our purpose being to combine 
the advantages of city wages with country living. The experiment has been 
a continuous success. Overhead cost has been less than in the big factory, 
and the workers would not hear of going back to the city shops.” 

Mr. Ford began to acquire land for this experiment several years ago. 
To-day (1936), his holdings for this purpose embrace 40000 acres. Farms 
grouped in large tracts—the largest is 10 000 acres—are tilled on the co-opera- 


3 “Balancing Technocracy” Electrical World, January 14, 1933. 
4“BParm and Factory,” New York Times, June 3, 1932. 
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tive plan. Many Ford parts, including starters, lamps, gages, and drills are 
produced in fourteen small plants located in rural areas within fifty miles 
of Detroit, Mich. In 1934, these plants produced $8 000 000 worth of parts 
and tools, employed 2500 workers, and paid $1 500000 in wages to these small 
town workers.’ 

From the foregoing it is evident that decentralization is no longer an 
academic question for industry; experience has proved this to be a beneficial 
and constructive measure. No clearer picture of the possibilities of decen- 
tralization could be obtained than that given by the Secretary of Agriculture’: 


“The ten million unemployed plus the five million living on land which 
can never be farmed are a continuing menace to the established industry 
and agriculture of the United States. To solve it means decentralized indus- 
trial planning relative to land. If the heads of our two hundred leading 
corporations were to take into account the full significance of paved roads, 
autos, trucks, high line electricity, and the increased happiness of human 
beings close to the land, might they not enthusiastically start a decentralized, 
industrial, self subsistence homestead program on a scale which would jerk 
us out of the depression for years to come” ? 


Tue Diversirication oF LABor 


Need of Diversification.—The rate of increase of unemployment has kept 
pace with technological progress. Each year occupational obsolescence has 
been sending increasing numbers of men to the “scrap heap.” Consider, for 
example, the following unemployment statistics for the relatively prosperous 
years of 1923 to 1929, inclusive: 


Year f Unemployed : 
LOWS ALA. os aun Gocbalbced Lit aa ade en ee ee 1 500 000 
1995 ted By Scandia oila-« od LA Mee hee Bee SRE 1775 000 
ROOTS SOR OL. TY ee ete Nae ei 2 000 000 
VTL ie gi eee Tall AS 5 AE a ae 3.000000 to 5000000 


The reasons for this steady increase in unemployment are suggested by the 
following tabulation’, which shows, for certain commodities, the increases in 


production and the decreases in labor force for the years 1923 to 1927, 


inclusive: 
Industry production Taba Cased 
Oil refineries... 25. s.0ds tp +g aie miss 0p 8490 tive aie nt eo 
LODACGO, = oss cin ceere aia Bide ko! BSG WN As ices ee Oe 
Mat 34.8, 65 'v acd ae Mean aaeyere tiled a iss cd 20%G1* cgestte ink ELD 
Rall roeds ox eames tit i 30% «se ties usta, eh 
Building: - (OIG sony) oscew re ciccese & ac LLG sistas Belen a ah OGG 
MOG4 « \<5', sbeith: care deeetes ih cube Me AG». sadiincen aye 
Steelot. Ain ie i wee ities. Wee SIGE LPR RONG 
COtLON oss bie ti dhe teh hoes ee BU. Sacabes Soe fs 138% 
Lam bee ee sn URL,» 9 one wie tee: OU ttieds fetch. = Spe kes 


5 New York Times, September 8, 1985. 


® “New Frontiers,’ by the Hon. Henry A. Wallace. 


TFrom “A Int ti j ” 
ppwiss and one ntroduction to Problems of American Culture,” by Professor Rugg, 
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Instances of unemployment due to technological improvements are legion 
and space permits only typical examples to be included herein. Improved 
mining methods have greatly increased the output per worker and, conse- 
quently, decreased the number of workers. During the past thirty years the 
output per worker in soft coal mining increased 60%, in copper mining, 100%, 
and in the mining of ore, 200 per cent. These increases in efficiency resulted 
in the permanent unemployment of 64 000 men, engaged in the extractive 
mineral industries, in the boom year of 1929°. 

The foregoing data present a better picture of occupational obsolescence than 
could be obtained from similar statistics for the depression years of 1930 to 
1935. The abnormal situation in these years was influenced by so many 
factors that it would be impossible to segregate the effect of any single cause 
of unemployment. 

Probably the most startling development in occupational obsolescence 
since 1929 was revealed in 1933 by the report of the Henderson Committee’ 
in the automobile industry. It was stated therein that keen competition has 
speeded this industry to a pace considered too fast for men of forty and 
that, in some instances, 19 men do the work of 250 by contrast with 1929. 

Other findings of the Henderson report were of an equally surprising 
nature; for example, in one plant a door is now made in two stamping opera- 
tions. In 1929, a door manufactured by this same plant had twenty-six 
different parts and required several times as many men to make it. Body 
framing which cost $3.00 in 1929, now (1936) costs $0.30. It cost $0.60 to 
hang one door in 1929; it cost $0.9 to hang four doors in 1935. Body 
trimming cost $12.00 in 1929 it costs $4.00 to-day. 

The Henderson Committee report stated: 

“Tess than five years ago a well known auto manufacturer finished 100 
eight cylinder motor blocks on a given line-up with 250 men. To-day the 
same line-up finishes 250 motor blocks, with 20% more operations with only 
49 men. Men were paid $13.20 per hundred blocks five years ago and 
through the use of tungsten carbide tool tips men now do the same work 
for $5.20.” 

Tt was shown that single machines introduced in factories are auto- 
matically removing from 100 to 250 employees. 

Many other instances could be cited; the foregoing, however, will serve 
the purpose of this paper. Without turning to other illustrations of the 
present trend, it is obvious that two conclusions may be drawn regarding 
the effects of mass-production methods on a worker: First, his calling may 
be swept away almost without notice by technological changes, leaving him 
without alternate means of support; and second, mass-production methods 
are narrowing to such a degree that little or no mental labor is required. 
New industries, to absorb the workers thus eliminated from the progressive 
industries, will doubtless eventualy be evolved, but during their development 


the men and their families suffer greatly. 


8 “America’s Capacity to Produce,” p. 155. 
®New York Herald-Tribune, February 7, 1935 
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The best quick remedy for this situation lies in the diversification of 
labor. Productive employment in work supplementary to that of the factory 
must be planned to fill the extended periods of idleness that have accompanied 
each depression. Although this need has been recognized for many years, 1t 
has been only recently that a few industrialists have taken steps to provide 
some alternate employment during the idle time. 

Experiments in the Diversification of Labor—Obviously, many kinds of 
work could be planned on a part-time basis. A return to the soil, however, 
offers the easiest and the most direct method of capitalizing idle hours. 
This fact was recognized by a group of progressive manufacturers who were 

trying every available means of coping with the unemployment problem 
during the depression. With a view, at least, toward keeping workers sup- 
plied with food, suitable tracts of land adjacent to the plants were purchased 
or leased and prepared for planting. Part-time and idle employees then 
cultivated these tracts and received in return for their labor either the pro- 
duce of their individual plots or a proportionate share of the yield if the 
tracts were operated on the co-operative plan. 

The experiences gained in administering these agricultural projects as 
supplements to industry bear a direct relation to this investigation. These 
experiences enabled the writers to base their analysis on actual operating 
data rather than on assumptions. 

In giving consideration to agriculture as an alternate occupation for 
industrial employees, many questions arise at once. For example, what 
classes of labor (skilled or common) adapt themselves most readily to this 
plan? Would skilled workers care to divide their time between the farm and 
the factory? Assuming that these workers are inclined to try the experiment, 
would they be qualified by temperament to grasp an entirely new occupation ? 
What is the cash outlay required of an industry to put such a plan in opera- 
tion, and what are the returns? Is the worker compensated adequately for 
his hours of agricultural work? What time must be devoted to such work 
and how much land is required per dependent? What is the best plan of 
management? What educational measures are necessary 2 

In order to obtain answers to these questions the writers studied in detail 
the results obtained in eight experiments in industrial co-operative gardening. 
Space limitations permit only two of these to be described herein. 


EXAMPLE 1 


General Plan——During 1931 and 1932 more than 500 former workers of 
a certain company were unemployed and many others were working only part- 
time due to an unavoidable curtailment of production schedules.’ In order to 
minimize the monetary loss and the physical suffering caused by extensive 
lay-offs or part-time employment, the Company aligned itself with the muni- 
cipal government and the civic relief organization. A co-operative farm 
plan was selected as the most practical solution of the problem. 

Consideration was given to both the individual-plot and the mass-pro- 
duction methods of operation. Although no precedent was available for the 
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latter, the management decided that mass-production methods were equally 
applicable to gardening and manufacturing. The satisfactory results that 
followed the adoption of this policy are particularly significant. 

Early in May, 1932, leases were secured on three tracts aggregating 275 
acres in a river valley five miles from the factories. Of this land, 200 acres 
were tillable. The Employment Manager, was made Director of the project 
and an engineer with extensive agricultural and industrial experience, was 
engaged to prepare the detailed plans and to supervise the actual field opera- 
tions. Plowing was begun as rapidly as the land could be cleared of brush 
and débris and made ready for cultivation. Drainage ditches, culverts, a 
small headquarters building, and sanitary facilities were then provided. 
By May 12, 2000 early cabbage plants, 2000 tomato plants, and several 
bushels of onions had been set out and these were followed immediately by 
the planting of other vegetables. 

The labor-rotation plan, based on the individual working one 8-hr day per 
week, was followed. Schedules were based on an anticipated total of 150 000 
man-hr, embracing 750 men over the 25-week period. Actually, a total of 
936 men took an active part in the gardening. When all planting was com- 
pleted the gardens had the acreage in crops shown by Table 1. 


TABLE 1.—Acreacn or Inpustrian Co-Operative GARDEN ProJEct, EXAMPLe 1 


Ares, Area, Area, Area, 

Crop in Crop in Crop in Crop in 
acres acres acres acres 

(1) (2) (1) (2) (1) (2) (1) (2) 
Potatoes.......+ 63.0 || Bush and pole Peppers.....-.- 2.0 || Onions......... 0.6 
Navy beans..... 40.0° beans... o:..% Sede (Carrotseen sss 1.2 || Swiss chard..... 0.5 
Field corn....... 25.0 Ne LUrnips .jc 0 ome. HAG ASG os 6 265 chase 1.1 || Radishes....... 0.4 
Sweet corn...... 1120) || Beets. 2. oes 3.8 || Summer squash.| 1.0 Mustard....... 0.3 
Tomatoes....... 9.5 || Pumpkins...... 3.01 || Spinach(y3..-—<%.. 1.01) Lettuce.)-.-.%- 0.2 

Cabbage.......- Sib ll Pease ose. « sia 3.0 


Before planting the potatoes, consultations were held with the staff of 
the Experiment Station at the State University and with the champion potato 


grower of the State, a down-State farmer, and 1300 bushels of certified seed 


potatoes were obtained from a reliable source. 

Less than 25% of the workers had a true farm background. Although 
this general lack of gardening experience caused the work to progress rather 
slowly at first, the workers familiarized themselves with their new occupation 
rapidly. The instructions of the supervisor were grasped quickly and in a 
few weeks a fair degree of skill in farm work had been developed. 

No records were kept of the percentages of the classes of labor (that is, 
skilled or unskilled), or of the relative performance of each class. It was 
found, however, that both classes readily adapted themselves to the program. 
The results of this experiment show conclusively that industrial workers can 
readily diversify their labor. They represented practically every production 
division of the factory, and although, their normal occupations had been 
limited to a highly developed system of mass production, they fitted into the 
garden plan admirably, 
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Those who enrolled in the garden force realized the importance of the 
opportunity provided them in the farming project and entered into the spirit 
of the work at hand as if they were compensated in money rather than in 
produce. Former employees, whose individual factory records were above 
the average, in the majority of cases also proved to be the best “farmers,” 
substantiating the belief that mass-production methods and training can be 
applied successfully to an agricultural enterprise. 

Costs—The total average investment was about $50 per acre cultivated, 
as developed from the following itemized summary : 


Item Cost 
Plowing, harrowing, planting, including labor, tractor rental, team 
hire, fuel, mechanical sewer, planter operation, and replacement 
[OSCE SniGG MESO Sees OPI EEE OMPRID ADIN G53 0 Cth yr OA SCO OO $1 900 
Transportation of farm workers and materials: nchading use of trucks 
ANG ge DASSCN OCT DUStE: ictensid: dase yalocoke sccvea i shateheswony webs Dian: <teiel stan arene 1550 
Supervision (Farm Superintendent, part-time truck driver, and 
merdental: specialized *labor)™ ... «ten eects sate trees s aehereiee RM 1 400 
Sprayie materials’ andMequipHienitemsson setsrc-s iels) retsb ohastiels, eee cere eedsenes 1 100 
Scedswuncluding seed potatoesay..sa sats neviett wteys sacelels Siena ronan a Facts 1 000 
HOTEL AOTg a fe acs Vales Ss i ckeloce onsihcessih eof net ae se kace aieheds cate nage eeebererare rere aerate 800 
ILS. akoye GA hats Ma aS aE Sy lah Darr OBE ai sscitr tps ease Sh ES - 750 
Culverts, drain-tile, lumber for Headauarlers and distribution build- } 
ing, rental of storage trailers, road maintenance................ 250 
Dial Bequipm en t—vOolss cove 41s "= cxxiarsaome cc aneeatoe ounte Seehoran iors, eRe ree 150 
Incorporation and workmen’s compensation............+eeeeeeeees 125 
PACMAN COUG? S oocis.c uy Gis iets oo oakke's + Come Be cata Seat en ee 225 
PL OLA TSAR MER a hots ats 5's oO ASAE Cutie e orie Seiad Sect eies Same oo 
Interest,4.6 months iat: 50 Oi ischae stays dott a cionels ahs Me ee ae F 231 
OTA TTyeESLIMEN Ussdray tare sus haeen eee ene ae ao eerees TN ASE. Tora $9 481 
Investment per acre = pean =, say, $50 


191.3 acres 


Return on Investment.——The man who worked 1 day per week on the 
gardens during the season, without extra work or absence, received the items * 


TABLE 2.—Garpen Output per Man, Exampur 1 ; 
Produce Unit See Produce Unit Sire Produce Unit hee 

Potatoes..... Bushels 22 Summer squash| Pounds | 31.5 Cayenne D 

Cabbage..... Pounds 127 Rolled oats....} Pounds | 25.0 Srect corn. st Dosen 19 
Tomatoes....| Pounds 98 Greens. tices Pounds | 23.0 Green onions... .| Dozen if 
Corn meal. ..| Pounds 95 Pumpkins. .... Pounds | 10.0 Hot peppers. ...| Dozen ff 
Turnips...... Pounds 96 Gass Jaca een Pounds | 8.0 Carrotdaae suk Dozen 4 
Navy beans. .| Pounds 75 Kale fox ti ocin ie Pounds | 5.0 Beets missile a2 Dozen 3 
Green beans..| Pounds 69 Dry onions....} Pounds} 1.0 Sweet peppers...| Dozen 2 


listed in Table 2, totaling in weight more than 1 ton. This quantity of 
vegetable food is sufficient to take care of a family of five for nine months. 
The total value of the produce was easily double the amount invested. 
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The efficiency of operation rapidly inereased during the succeeding years. 
Although employment during 1934 had improved to such an extent that a 
continuance of the gardens was not necessary, the management felt that the 
experience was of sufficient value to continue with the work. The area culti- 
vated was increased to 300 acres. The investment amounted to about $20 000, 
or $66 per acre. The value of the crop harvested and distributed, however, 
was $60 000, or approximately double the amount per acre of the 1932 harvest. 


EXAMPLE 2 


Another successful industrial gardening project, operated during 1932, 
1933, and 1934 may be discussed as Example 2. About 90 acres of land were 
rented near the plant for gardening purposes and, in addition, employees 
were encouraged to cultivate individual gardens. 

An agricultural expert was placed in charge of the entire project. Aside 
from the land and supervision, the Company furnished fertilizers, plowing 
and harrowing, all seeds and plants, and spraying and spray materials. 
Seeds and plants only were furnished to those with home gardens. The plant 
gardens were laid out in plots of 50 by 100 ft, with suitable spaces between 
lots for paths and driveways. This plan gave centralized operation, com- 
bined with the advantages sncidental to the cultivation of. individual plots... 
Planting schedules for each plot were planned with a view to providing good 
substantial food and a well-balanced diet. 

Each plot holder was required to sign an agreement which set forth the 
obligations of both the Company and the gardener. The Company agreed 
to loan the plot, prepare the soil for planting, furnish the seed, and supervise 
the planting. The gardener agreed to cultivate the land and keep it free 
from weeds to the best of his ability. In return for this service the vegetables 
grown on the land became the sole property of the gardener, except in cases 
where willful negligence was evident. In this event, the Company reserved 
the right to revoke the agreement. 

The employees on a part-time basis took a keen interest in the gardening 
work and readily grasped the opportunity to take part in the enterprise, once 
its advantages became evident. The number of plant gardens and home 
gardens for each year of operation were as follows: 


Year Plant gardens Home gardens 
| (Sk ols lim mh Nee BO ake tiara le AS aCe 
TBs ecco oe atmm oO an eae trata core 
ATOM a) AAS ete ice Rs 


About 60% of the workers operating these gardens could be classed as 
skilled and the remainder as unskilled. Both classes were surprisingly profi- 
cient in gardening after the brief instruction period. As in the case of 
Example 1, the industrial employees who were most proficient in the plant 
obtained the best results with their gardens. 

Aceurate cost records were kept during 1933 and 1934 in order to 
determine the return on the investment. Actually, the gardeners, during 
these years, received vegetable produce equal in value to between five and 
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six times the total cash outlay. Aside from the monetary value of the pro- 
duct, other benefits were reflected in the improved health of the workers and 
the close relation that existed between the Company and the employees. ‘The 
social value of this work in keeping idle hands and minds occupied and in 
supplying wholesome foods cannot be over-estimated. 

Education as well as strict supervision is essential to the success of such 
a venture. In the beginning the Company had talks about gardening by a 
County farm adviser and agents of the State Department of Agriculture. 
Canning demonstrations and individual instruction in the care of produce 
for winter saving were given. Educational measures were directed toward 
developing a love of the work concurrently with gardening skill. Efforts in 
this direction were highly successful. 


SumMaryY OF EXPERIENCES WITH THE DiversIFICATION OF Lapor 


The foregoing, together with the other experiments studied by the writers, 
lead to the following conclusions: 


(1) The occupations of both common and skilled labor may be diversified 
successfully. 

(2) Without exception, agriculture has been selected as the most satis- 
factory alternate occupation to industrial work. 

(3) The most efficient factory employees generally obtain the best results 
from their garden plots. 

(4) With a relatively high yield about 0.25 acre is necessary to provide 
a family of five with vegetable produce for the greatest part of a year. More 
land per worker is necessary if the soil is unsuited to intensive farming. 

(5) The co-operative plan (that is, all the gardens centralized in one 
large plot) lends itself to the most efficient management. Mass-production 
methods may be applied to gardening as well as to manufacturing if this 
plan is adopted.. The costs of plowing, harrowing, planting, and harvesting 
are reduced to a minimum if the gardening activities are conducted at one 
place. The principal disadvantage of operating one large plot on a labor- 
rotation basis is that workers may not have the pride or interest in their 
work that they would if they were responsible for the sole care of an individ- 
ual garden. This may be overcome by adopting the plan of dividing the 
central plot into sections and assigning each section to individual workers 
(see Example 2). 

The cultivation of small gardens adjacent to employees’ homes is to be 
discouraged unless the workers or members of their families are skilled 
gardeners. This plan has produced only indifferent results as the costs of 
company operation and management are necessarily much higher than those 
for centralized plots. 

(6) The service of a skilled agriculturist is absolutely essential. Few 
workers have the gardening experience that is required to insure them an 
adequate return on their efforts, therefore, additional educational measures 
are necessary. Lectures, educational bulletins, and planting schedules must 
be supplemented with individual instruction if the project is to be successful. 
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(7) Centralized storage facilities must be provided and arrangements 
made for distributing the produce. 


The experiments outlined in the foregoing items do not indicate com- 
pletely the possibilities of labor diversification. Most of these projects were 
emergency measures and had to be planned on a subsistence basis only. 
Regardless of this fact important lessons were learned and there now exists 
sufficient actual experience to state with certainty that labor diversification 
in connection with manufacturing operations could be both practical and 
profitable. 

Tangible evidence has been presented to show the benefits that could be 
derived from both industrial decentralization and the diversification of 


dabor. Nothing has been introduced, thus far, to show the improvements 


that could result from co-ordinating the operations of adjacent agricultural 
and industrial developments. The following two specific examples relating 
to irrigated areas show conclusively that economic conditions improved 
definitely after the introduction of industrial plants. 


Tur Co-OrpinatIon or INDUSTRY AND AGRICULTURE 
WITHIN Irrigation Districts 


Yakima Valley, Washington—Industries engaged in the processing of 
agricultural products followed irrigation development in the Yakima Valley. 
These industries consist of flour and feed mills, alfalfa mills, fruit dehydrator 
plants, fruit canning plants, meat packing plants, and various other types 
of plants for the packing, storing, handling, and distribution of crops. The 
canning plants alone employ approximately 3000 annually for about 4 months 
and the dehydrating plants employ 800 to 1000 for approximately 6 months. 

The Federal Government has expended mostly in Yakima County or in 
irrigation projects approximately $33 000000. As a result of these projects 
and their subsequent industrial development, the population of Yakima 
County increased from 13 462 in 1900 to 77402 in 1930. During this same 
time the population of Yakima City increased from 3154 to 22101. The 
assessed valuation of the County has increased from $25 004000 in 1900 to 
$233 041 000 in 1930, or almost tenfold. 

Obviously, these benefits have been realized through agriculture, as a 
population base, being followed by factories for the processing of farm 
products. 

Sugar Production in Sidney, Mont.—An outstanding case illustrating the 
improvement in the economic status of an irrigation district that follows 
the introduction of industrial plants may be found at Sidney, Mont. The 
Lower Yellowstone Irrigation Project was not successful as an agricultural 
venture alone. For a period of ten years the farmers of this District were 
faced with severe economic difficulties, with the result that water charges 
were defaulted. 

In 1925 a sugar factory was constructed at Sidney which is centrally 
located in the Valley. At this time, few of the farmers understood the raising 
of sugar-beets and, in consequence, only about 50000 tons of beets were 
produced annually within the District. There thas been a gradual growth of 


: 


1388 RECLAMATION AND INDUSTRIAL AND AGRICULTURAL BALANCE Papers 


the industry, however, and, in 1935, the growers tributary to the Sidney 
factory produced approximately 200 000 tons, yielding a return to the farmers 
of approximately $1500000. As a result of linking the manufacture of beet 
sugar to the agricultural production of the Lower Yellowstone Irrigation 
Project the farmers of this District are now in good financial condition ; 
many, in fact, are increasing their land holdings. 

In the connection with the growth of sugar-beets the District also main- 
tains a substantial live-stock development. During 1935, approximately 
150000 head (including lambs, sheep, and cattle) were fed for the market. 
This large feeding program is made possible by the by-products from both 
the factory and the farm. Beet tops and beet pulp and molasses make excel- 
lent foods in addition to hay. 

The successful growing of sugar-beets calls for the rotation of crops on 
the farms. Alfalfa, the principal rotation crop, provides an ample quantity 
of hay for feeding purposes. Combining a sugar-beet and live-stock program 
has produced increased yields of all other crops grown in rotation with 
sugar-beets. Feeding of livestock is producing an abundance of manure 
which, through return to the soil, is gradually building up the fertility and 
yield of the farms. 


PART IL—POTENTIAL INDUSTRIAL GROWTH OF CALIFORNIA 
RELATED TO CENTRAL VALLEY PROJECT 


TrrigatTion AS A Base ror WESTERN INDUSTRIAL DEVELOPMENT 


Much of the land that will be made irrigable by the construction of 
hydraulic works in the Western States is adjacent to extensive markets for 
manufactured products. As these markets are now (1936) only partly sup- 
plied by local manufacturing establishments, opportunities exist for the profit- 
able expansion of many industries in the Western States. This situation is 
especially favorable for decentralized industrial planning in relation to the ~ 
land. 

The benefits that would result from such an arrangement are obvious. 
Irrigation districts would benefit by having many of their products utilized 
by adjacent manufacturing plants. Hides, cotton, wool, cereals, sugar-beets, 
and fruits and vegetables are only a few of the agricultural products that 
could be processed by adjacent industries. In addition, these irrigation dis- | 
tricts would benefit by having a substantial portion of their lands operated by 
industrial employees on a co-operative basis. This would tend to check the 
over-production of agricultural products on irrigated areas as the products of 
the co-operative gardens would be consumed principally by industrial 
employees. A third benefit would be the tremendous increase in population 
that could be supported by the land. ; 

Industry would be likewise benefited by co-ordination with agriculture. 
The labor supply would be more stable and more efficient than in crowded 
urban locations. Industrial employees would have a “back- log” of agricultural — 
employment and, therefore, would not face serious hardships in the event of i 
a factory shut-down. An abundant supply of cheap power is available i in most § : 


J 
' 


j 
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irrigation districts. These advantages, together with nearness to markets and 
sources of raw material supplies should offer an incentive to many industries 
either to relocate their factories or to establish branch plants on projects 
that are adaptable to co-ordinated industrial and agricultural operations. 

The large potential markets that now exist adjacent to recently developed 
irrigation areas would absorb most of the manufactured products at first. 
As the projects were settled additional markets would be developed in the 
immediate vicinity of the manufacturing plants. This would give oppor- 
tunity for an industrial growth in proportion to the increase in population. 
This process could continue until the land had been fully developed. 

Not only would agriculture and industry in the immediate vicinity of the 
irrigated areas be benefited by co-ordination, industry in all sections of 
the country would be helped by the extensive construction program and the 
additional manufacturing equipment that would be required by industrial 
decentralization. 

The truth of the foregoing statements may best be illustrated by a 
detailed analysis of a selected irrigation project, the Madera Irrigation Dis- 
trict in California, which is suitable for combined industrial and agricultural 
operations. It is impossible, however, to confine the investigation to the 
Madera District alone; it is first necessary to consider some of the industrial 
and economic aspects of both the State of California and the Central Valley 
Project. ea x | 

For the purposes of this investigation the State of California was con- 
sidered as a single-market area. An analysis was then made to determine the 
opportunities for industrial expansion that existed within the boundaries of 
this area in 1929. After this information was compiled, the capacity of the 
Central Valley Project to absorb a program of decentralized industrial devel- 
opment was studied broadly. A proportional part of the potential industrial 
growth for the entire State was then allocated to the district investigated. 
This consisted of a selected group of industries for which the location 
factors in the vicinity of Madera were favorable. It is not meant to imply 
that the Madera District offers the most favorable location in California 
for the industries selected. It was beyond the scope of this investigation to 
do more than to apply principles to a specific area. Similar analyses for other 
districts should indicate whether they too are suitable for combined indus- 
trial and agricultural development. 


Poputation GrowtH Retatep to Lanp DeveLopMENtT 


The rate of industrial development has been found to bear a definite 
relation to population growth.” Population studies, therefore, are of primary 
importance in this investigation. In predicting California’s future popula- 
tion sight must not be lost of the fact that a substantial part of the high rate 
of increase during past years has been due to immigration from other States 
and from abroad. More than 46% of the people now living in Oalifornia 
came there during the past decade. The relationship between that part of 
the population born in California and the total for the State is shown by 


10 “Amended Application to Federal Hmergency Administration of Public Works,” p. 87. 
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Fig. 1(a), which also shows the forecast of population growth from 1932 to 
1970, used by the Water Project Authority of the State of California as a 

basis for the growth curve of future in- 
(a) POPULATION GROWTH creases in the area of irrigated lands 
Fig. 1(0). 
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The total cropped area of the State 
is 8390000 acres." Of this area, 4746 000 
acres, or about 57%, is irrigated. The 
irrigated lands of California, comprising 
24% of the entire irrigated area of the 
United States, are among the most pro- 
ductive in the country. In 1929, Cali- 
fornia ranked eighteenth in the States of 
the Union in cropped area, second only 
to Texas in gross income from crop pro- 
duction. The per capita income of farm 
population, however, is greater for Cali- 
fornia than that for any other State. 
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Industry has grown rapidly in Cali- 

Bee ae pO Leica = 12003 2040) 12 1960 fornia, responding to the westward movye- 

Fic. 1.—Pasr anp Anricrpatep Growrn ment of the center of population. From 

or CALIFORNIA 1914 to 1929, the value of manufactured 

products increased 330% and the value added’by manufacture, 410 per cent. 

In each case, this rate of increase was nearly twice that for the United States 
as a whole. 

The 1929 industrial census for California does not present the distorted 
values that would be given by statistics compiled during the depression years. 
This investigation, therefore, presents both a cross-section of California 
industry in 1929 and a reconstruction of the opportunities for industrial 
expansion that existed in that year. As industrial development has not kept 
pace with population growth during the depression years there is, in 1936, an 
even greater opportunity for new industrial development in California than 
that indicated by the 1929 statistics. 

The average value of industrial products per capita is nearly the same for 
the State of California as it is for the entire country. The following com- 
parison of these values for the years 1929 and 1931 indicates the abnormal 
situation that existed in 1931 after the depression was well under way: 


] Description 1929 1981 

Total Value of Industrial Products: 
For the entire United States.......$70 435 000 000 $41 350 000 000 
org ©alitorniase ss. icontl eee -.... 3103 000 000 1 985 000 000 


1. “Permissible Economic Rates of Irrigati i i ia.” ; ‘ 
of California, p. 38. gation Development in California,” Bulletin, Univ. 


oo 
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Description 1929 1931 
Value of Industrial Products per capita: 
Hore thesentires Winiteds Statesene sss cesciecsa-s 0 S577 $336 
OIE Oa TOTIMTAS geveistatee « axle stdefcste Saecevec NER ees 565 330 


A superficial examination of the foregoing statistics would seem to show 
that California was producing at least its proportionate share of the nation’s 
manufactured goods and that little opportunity existed for profitable indus- 
trial expansion in 1929. A detailed study of California’s manufactured pro- 
ducts, however, shows that the picture is distorted greatly by several indus- 
tries that serve a much larger population than that of the State. For 
example, in 1929, the industries in California engaged in the canning and 
preserving of fruits and vegetables served nearly 36000000 people on a 
proportionate basis; the motion picture industry served 85500000 people, 
and the petroleum refineries served 22 500000 people. 

The total value of the products of these three industries was $834 612 000 
for the State of California and $3 574000000 for the entire United States. 
If these sums are deducted from the total value of all industrial products 
shown in the foregoing list it is found that the values of the remaining 
products per capita were $407 for California and $547 for the entire United 
States. These averages show conclusively that the majority of the industries 
in the State were not sufficiently developed to supply their adjacent markets. 

The principal industrial areas in California are the Los Angeles District 
and the San Francisco-Oakland District. Fig. 2 shows the extent of each dis- 
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Fig. 2.—RELATION Pace st INDUSTRIAL DISTRICTS TO CENTRAL VALLEY AREA 
trict and its relation to the Central Valley Arca. Table 3 which gives the 
industrial characteristics of each of the principal districts, and of the remain- 
der of the State, reveals that industry in California has followed the usual 
course; the greatest industrial concentration is found in the areas of greatest 
population density. This tendency of industry to follow its markets would 
not be altered by the adoption of an industrial decentralization program in 
connection with the Central Valley Project. Actually, decentralized planning 
would result in a broadening of this same policy. Many of the irrigated dis- 
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tricts of the Sacramento and San Joaquin Valleys are sufficiently close to 
the thickly populated areas to be satisfactory for both industrial and agri- 
cultural development. Furthermore, a co-ordinated industrial and agricul- 
tural program would enable these valleys to support a much greater 
population density than that which could derive a living from agriculture 
alone. The distribution of industries throughout the Central Valley there- 


TABLE 3.—Cuaracreristics oF Principat InpustRIAL Districts IN CALIFORNIA 


Populati Area, in Omen is uF apeain bide MOA: 
Industrial district opulation square per.sdu) x of products 
in 1930 mile, in industry : 
miles 1930 in 1929 in 1930 

Los Angeles............... 2 209 000 4 115 537 146 000 $1 319 000 000 
San Francisco—Oakland.... . 1 307 000 2 464 530 114 000 1 166 000 000 
Remainder of State........ 2 161 000 149 073 14.5 102 000 618 000 000 

PR OUALIs (A cca wisis't evel vivvabar 5 677 000 155 652 36.4 362 000 $3 103 000 000 


fore, would have a centripetal effect on their respective market areas. Not 
only would these industries be situated favorably, as far as the existing 
potential markets are concerned, they would also have the ultimate result 
of creating important new markets which would develop inwardly toward the 
factories as focal points. 


INDUSTRIAL SURVEY FOR CALIFORNIA 


In order to get a true concept of the deficiency of capacity of the Cali- 
fornia manufacturing concerns in 1929, it is necessary to make a detailed 
study of each of the 327 industries classified by the industrial census. If 
the population served by each industry in the State is computed from the 
census statistics it is possible to establish for each product the potential 
markets that exist within the State boundaries. 

The most satisfactory method of estimating the population served by each 
industry is based on the average values of manufactured products per capita; 
for example, the total value of the products in 1929 of the boot and shoe 
industry was about $966000000 for the entire United States; the average 
value of product per capita, based on a population of 122000000, was $7.92. 
For the same year the total value of the products of the boot and shoe indus- 
try in California was $3095000. Dividing this sum by the average value 
of $7.92 per person gives a total population of 391 000 served by the California 
factories. The difference between the population of the State (5500000 in 
1929) and the population served by the industry is 5109000 persons who 
purchased shoes that were manufactured outside the State. Further 
analysis, including estimates of the population per establishment and the 
employees per establishment, indicates that 56 additional average shoe-manu- 
facturing establishments, employing a total of 9400 persons, could have been 
established in California in 1929. Table 4° shows the results of an analysis, 
similar to the foregoing, for each industry that could have been expanded in 
California in 1929. 


“ Computed from statistics in United States Industrial Census, 1929. 


Pen 


November, 1936 RECLAMATION AND INDUSTRIAL AND AGRICULTURAL BALANCE 


13938 
TABLE 4.—Deraiten Srupy or Cauirornia INpustRIES 
414 ta tg 
me Suey ee) IES ass 
82 |e" |Se |ses | 3e2 
I oe, \S8el 44 Suee| Soca 
tem A-3 q ad _ Ae 3 ong G4 8-4 
z oe |2me| Sas | as He) a ase 
ow 28 a ss |/SS4/82 0° RS 
Ses |2 a\sea|Geae| S2ae 
4 2 Dx ‘2.5 23 433 
gaa 260/550 2250 SEES 
p A Ay a x 
Pac OD AUAINCUISETLOS ay ays aig a's Vel eis tapi sete nies 3 a Tee Ohi toos le cud disc 1 742 |164 273 |1$940 201 000 
Agricultural implements..................-025s004> 415 000| 18 5 815 | $4 600 000 
Aluminum manufacturers.............-...--. 812 000] 14 6 920 5 820 000 
Ammunition and related products 800 000]...... if 379 1 965 000 
PAC MIGTS LOR UN OIG ee tafelsretsys einol susielaiscass) eusksrs aiscsxre seme wae 170 000]...... 1 142 1 500 000 
PSICGHG ANE OLIAIG ody ate hie lcfal a ausysurrebeva cles cievede + o's heiress 790 000| 4 3 62 383 000 
Asbestos products other than steam packing and pipe 

PCG OLMETCOVOLINE) sieve bic.vig cls ales oleisrea eins qe cee ee 1 820 000]...... 3 420 2 520 000 
Asphalted felt base floor covering............+:.+++: 8 700 000]...... 1 124 -1 440 000 
Bags, paper, exclusive of those made in paper mills. . .| 1 285 000|...... 4 357 2 920 000 
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chasing, etching, and die sinking............ boiiytrty 650 000) 11 4 56 215 000 
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pe eLATOTI Me hierarchies Eo Fels aah ol Raves caine) ote al egenaueze abs 1 850 000)...... 3 63 225 000 
FPixplosiveS.... 2.0. sees eee eens eet cesses en ee gens 1 280 000|...... 4 204 3 260 000 
Fancy and miscellaneous articles not elsewhere 

Chery betss lend Rate Reach ie CIO CMO R BD, CREO, RL ICICI 125 000! 55 13 350 1 150 000 


1394 
RECLAMATION 
AND INDUSTRIA 
, L AND AGRICULT 
URAL BALANCE P. : 
‘ apers 


TABLE 4.—(Continued) 


aes = 
a8 |ss [Se £29 a 3.5 
Item $¢ 3 A 3 2 2.82 23 8 
33 |fes|*ee|Seea| 2.2 
3. |FEE/SES|S2E S384 
3a » Ao Sea abds aS aes 
234 dive aa 8.0 °S Ta @ 5 
aaa | 260 eselesag! gs | 
Felt good gee | go] 350) 8283| S286 
‘S a : - ~ So oes 
Pertliaer ih ro ea OF Ubon elren s nahederd ceerete ners 2 23 fs a as 
fin ggrncooemnniaennee TE ial sin] ak] 0 $2 050 000 
ere Pana shes Foc tats eaten eee 0. 000}. 
Firework. soos: cheniical 0.02: Sere shee nee 5 300-000]... . |! 4 194 7 ee eek 
Per ns ee ane cs areata mem 
FT ie ig il dg. ee ed 
z , 1ro i steel, not made in pianis operated 30 4001 64. 2 90 10 
in connect: i made in 1 0 400 
Fondry open aac pianis operated om el a 800 000 
Cas Bebing B0oxe; men’s, not elsewhere classified... . . 2 080 te 8 6 635 
meters es, gas meters, and water aid ae veeie| 204 000] 15°” : 52 rs ons 
Gian ecitrareiteterseteersetnas ete eS 2 9 450 Santee 
apy rucastaa(excen Teepe g99 00, 6 | 2] 2 
Pee ey oitans loath made from purchased pb he 3 920 | 3 790 00 
iitlgns lelther tietts Mee ee ae 7 
aoe and colatinbe: Jee Ed gal, 9 KAS See 283 000} 25 12 pies 
pL PUR RE OR ie af bu ed 473 000} 17 5 200 900 000 
eee hoa P snbSti 1 645 000| 5 2 hi 720 000 
Hardiaro, not cleewhero ausiGed, See eee Bed: a eee. 000; 6 2 10 oe ton 
tietk aid tape rialdinien's? & Ath e ee 252 000| 977° 5 294 5 000 
Hats, “nik RS ae felt and straw, men’s.......... 1 090 000 a ie 2 200 8 300 000 
pn oe gee separ] 8) | 2A i 
ee rniahing goods mot clacwherd Clash ae 000 § 
Ink, printing. $s goods not elsewhere classified, . --| 2 440 000 8 720 3 360 ie 
etre 1 ape oa ade 127 000] 89 — 8 172 Bag Bon 
Instruments, professional Peg (ae mat ype a, 4 a 000 6 2 oe 1 110 000 
Tegel sc: ee steel works and rolling mills... ae2 oool ia''| 12 25 30 Gon 
Jewelry and instrument esgeteettteteeetenseeaes 2bE 000) 428 1a:|\aaskon (eieaieae oom 
Gute goods: aves secre ree icreah tye cceies eee foe ys "3 720 000. 
‘oe Eee a Oe ey Se 6 100 000 Gages 318 000 
8 an il ee Gt ee Ver 64 500} 48 6 ee 987 
Feather goods, not elsewhere lated 0.010201 mae ta tae 4) 7 500 | 30 200 oon 
Toa oF faneee curried, and finished A ne eames 0 ane 000]. ..... 3 ee 1 320 000 
Machine oe eed greases not made in refineries... ose ne 26 9 163 346 000 
not elsewhere apeel ye pens small mactalenoriing: Bt 687 000 o 17 1 950 17 SO a 
aioe seas aoeee, Bg. Se ws lrg ag i 128 2 #00 coe 
otor vehicle bodies and motor veh yin sw A ee 162 000] 2 ; : 
Musical cles, bicycles, eyes Vice pared eee ieee aa tS ee reese pee 
sical instrument, parts paeate parte: Bes Boge 106 000), 94 39 520 | 11 100 000 
Pe REC cea te 3 finer nleteoiandl and\or |: 8 oo haar 
Rage Hee eee cel heaton eee 2 
Nate opike Pepe ae barley ape aie noel 2 Oe) OO 9 2 7 he 
, spikes, etc., not erie en Gace aha nc seins 2 2 
Oe ities ke 5 | Sapp eee 
. ’ , Wal Even’ BGIEHan fanicheeee 
Soe ake, and meal, botched ga snap fasteners... . 3 hh nea a fas 3 110 pent 
Pal oa nd “tice aba) =| 2 840 Ooo}. .- 2c] 2] aie) a 000 000 : 
P goods. not elsewhere ama ae 177 500/12 530 8 32 
atent or propriet: can assified 615 0 19 3 200 0 000 
Paying material: Bae medicines and com 280 OO ase 9 12 26, 50000 
we rate ‘Asphalt, See Gan rp eunds Beh ee 80 ba 13 one 10 750 000 
Pencils, ead, including sess aes an Saeed . ip and ee 17 20 340 2 ooo ae 
F ain el ee es. 
: pier) and ea sxylographts; Pen eetnre icicle 320 Cob 5 : 52 552 
uation Sea and other tolettorenarat An eae : ‘i ae 314 1 260 on 
as 00) ‘ purses, and card cases preparations... 600 000}.... 3 000 
Pulp dat erials not including type or ink..... |. - 490 009 55 | 24 376 1 550 000 
ee and At ere rte “aie 1 450 000 at il 451 : 650 000 
Helrigertor, ied producte... 0000000000 2 710 000 3 es 590 000 
Regalia, badges an RADIOL sees seveers re nas ences : i 000}. . 2... 3 lease AI 330 000 
ods o rig ee rene yg aah |B BBO OO RE a 
and shoes...... ag ae tires, inner tubes, and boots 1 380 ooo ae? 2 : ave 6 780 000 
E ailegramd tavhomoe fhin ee ts Ota cise eke eel ae 2 4 98 7 300 000 
Saddlery and harness... 0.2.2. 0 cee 295 000| 28 * 358 000 
Se ec e fe 468 
eek 0 Lg Son nope 7 678 | 3 560 000 
sae 1 07 587 ’ 
met 171 000 
875 000 


November, 1936 RECLAMATION AND INDUSTRIAL AND AGRICULTURAL BALANCE — 1895 


TABLE 4.—(Continued) 


: | 4.4 ad 
$8 les [32 ges | 58a 
a2 |aea(SeelSte,| Be 
n 3 
Item n.3 Sae|_ae Boas Sy3s 
3 ASR IGOR] Soa ao od 
= So] Sao ak g =) x is] 
gee | Bes |S es | 8805 35 
a8 gS S\esslbgas| 235 
pos Bu | OOS] a gaa Ao as 
gan 2OO/SSO| SEES Osns 
5 ay Ay 6 AF 5 sO 
Ay Ay 
rs En Rete Gicletistte cic eis clejerme viele cetera, & OLO O00)... 0 
Scales and balances........-.-..-2-sseeees “| 2 070 O00|..;... 3 335 i 378 000 
Screw-machine products and wood screws 11 945 4 450 000 
Sewing machines and attachments............++.-+: 2 55) 
Atlee 0 2 040 000 
aaa Tei oynintal st cus ecco fel erepaietal eloisie syaisves 26 1 920 6 850 000 


Nee denren oie nlngs elem sign a's sree 3-050 000]...... 2 158 
Silk and rayon manufactures......+-..++++eeeeesees 81 500]......- 67 6 250 38 O00 008 
Silversmithing and silverware.........-..+++eeeeee> 1 465 000) 6 3 240 1 180 000 
Soda-water apparatus........-.-.--. AS OE o9 SORNOE 2 250 000] 3 2 134 907 000 
Sporting ae athletic goods not including firearms and 

ammunition.......-- poaaupde (Donen es ube oor oor 503 000] 12 10 52 
Springs, steel, except wire, not including plants oper- Z cha euia 

ated in connection with rolling mills............-- 1 415 000 8 2 165 1 160 000 
Stamped ware, enamel ware, and metal stamping, 

enameling, japanning and lacquering.........-.+-- 210 000) 23 17 1 370 6 100 000 
Stationery goods not elsewhere classifieds. nteuset. ecte oe 600 000 9 ai 462 2 520 000 
Steam and other packing pipe and boiler covering and 

gaskets, not elsewhere Classified a... 2.0. cm ee seers. ws 2 115 595 000 
Stereotyping and electrotyping not done in printing 

establishments... 0.2... -- eee ee eter teen teeet 5 1 850 830,000 
Structural and ornamental iron and steel work not : 

made in rolling mills. .....-+- essere seers eres 24 1 120 7 700 000 
Surgical and orthopedic appliances...... 12 350 2 350 000 
Suspenders, garters, elastic goods made fr 

webbing..... ioe odcesgucecaregatade cut Gooane gad 4 230 1 370 000 
Tanning materials, natural dyestuffs, mordant 

assistants, and SIZe8......+. 0. seers eee ee etter es 6 143 1 800 000 
Textile machinery and parts...........+++-: 17 | 1 425 5 500 000 
Tin cans and other tinware not elsewhere classi 11 1 600 13 350 000 
Tools, not including edge tools, machine tools, files, 

OF 8AWS......- Oi Gu db od ance Unne CRBS CUNe oI aUCE 19 830 3 500 000 
Toys (not including wagons and sleds), games and 

layground equipment... .--- +. seee sere ees 17 710 2 700 000 

Trimmings (not made in textile mills) and stamped art 

for embroidery. ...------sseccer cer reeerteeress 19 292 1 350 000 
Typewriters and parts........---.eseee secre reser festa s eta aber sss: 1 832 2 790 000 
Umbrellas, parasols, and canes....-...--ee eee seers] OOO UU seen: 6 156 902 000 
Washing machines, wringers, dryers, and ironing 

machines for household use........++-++s++eree? 3 410 3 400 000 
ST ctf Coa asia cta ec ratecetetictsphytialiave) © o'seyatsiene ole ro) epee inyele + 4 140 1 100 000 
Wire drawn from purchased bars or rods.......--..--| 1 000 OOU)..-.-- 4 1 140 9 600 000 
Wood, turned and shaped, and other wooden goods 

not elsewhere classified..........--+-seeererreree 25 610 1 970 000 
PUVIGOLOIIE OOS ioral ehebe ir «ude siejsiereielemieleesepersalm os wlese ts) +1: 18 2 500 11 600 000 
Wall UE Joc o dab euopeanu ss Gam aD Okaad cbs tom Gopal RAL ate hte ire le 1 38 612 000 
Wool SCOUTIDE. 0... 600s cee roe tenet tenner ese ees 5 800 000 1 val 94 000 
TH GGIL Elita bs hie ob OIE: Opto n= =r TUDOR CIMIO OOK an Vi ees ai 4 acai 2 82 693 000 
WransiGal Mele y boa GUE Gag 0b On DEM OuO CUD OmIIOG Nelms iid Pi 12 4 270 | 24 300 000 


A summation of the deficiencies computed in Table 4 shows that in 1929 
the value of products manufactured within the boundaries of California could 
have been increased by about one-third, or approximately $1 000 000 000, if 
the needs of the population within the State had been served by local manu- 
facturing establishments. If California industries had taken advantage of 
this opportunity 1742 new plants, employing more than 164000 persons 
could have been established. Perhaps a clearer way of visualizing these 
deficiencies is to state that an additional industrial development, nearly 
equivalent in size to that in either Los Angeles County or in the San Fran- 
cisco-Oakland District, could have found profitable markets within the State 
of California in 1929. 
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Tue CENTRAL VALLEY PROJECT 


The industrial deficiencies summarized in Table 4 are related intimately 
to the inadequate water supplies of the southern part of the State. This con- 
dition will be corrected by the Central Valley Project. 

The principal construction features of this project (see Fig. 2) are the 
Kennett Dam and power plant, the Kennett transmission line and sub-station, 
the Keswick Afterbay Dam and Reservoir, the Keswick power plant, the 
Sacramento-San Joaquin Delta cross-channel, the Contra Costa conduit, 
the Friant Dam and power plant, the Madera Canal, the Friant Kern Canal, 
and the San Joaquin pumping system. 


Location Factors 


In order to select a suitable location for each of the industries listed in 
Table 4, consideration must be given to the following factors: (1) Water 
supply; (2) proximity to supply and quality of raw materials; (3) location 
of markets for the finished product; (4) transportation costs; (5) State and 
local taxes; (6) power costs—hydro-electric, oil, and coal; (7) sources of labor 
supply, labor rates and attitude of those in control of State and local polities 
in controversies between labor and capital; (8) living costs; (9) climatic con- 
ditions and general health; (10) social conditions; and, (11) availability of 
industrial sites. 

The relative weight of each of the foregoing factors will vary greatly 
with the particular industry; for instance, industries employing large num- 
bers of men are certain to rate labor factors high. Plants producing heavy 
or bulky products will place special emphasis on transportation costs and 
proximity to markets. The development of such industries within certain 
sections of the Central Valley will be made economically possible by the low- 
cost water transportation that ‘will follow the channel improvement of the 
San Joaquin and Sacramento Rivers. Water supply is a particularly impor- 
tant factor in determining the location of breweries, creameries, and packing 
plants. 

It cannot be overlooked that many industries have not followed closely 
either cheap power and raw materials or favorable living conditions; for 
example, iron and steel mills are not located in Northern Minnesota and 
many textile mills are not near cotton or wool-producing sections. Markets, 
labor supply, and transportation facilities are generally given greater weight 
than the other factors in locating all industries except those producing food- 
stuffs. As a typical example, the iron and steel industry has been satisfac- 
torily located on the southern shore of Lake Michigan, because at that place 
iron ore from Duluth, Minn., and cheap coal from Southern Illinois meet at a 
point adjacent to the markets and an adequate dependable labor supply. 

It would not be possible, of course, to expand all the industries listed in 
Table 4 within a short period of time. New ones could be developed con- 
currently with the irrigated lands that will be made available by the Central 
Valley Project. These lands will form an agricultural base which will be 
capable of supporting a rapid population growth and, if industrial expansion 
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is correlated with agricultural growth, the population density will increase at 
even a greater rate. alas 
dee) las 


CorRELATION or [npustRY AND AGRICULTURE 


For example, assume that much of the industrial deficiency shown by 
Table 4 will be made up in the period between 1935 and 1945 through a co-or- 
dinated industrial and agricultural development. Fig. 1(b) indicates that 
the increase in the area of irrigated lands of the State during that period 
will be about 800000 acres and Fig. 1(a) that the population increase for 
the State will be about 2000 000. 

It is reasonable to assume that between 1935 and 1945 200 000 industrial 
employees, in addition to those employed in California in 1929, can be settled 
permanently in rural districts and can divide their working time between 
agriculture and industry. Tf 1 acre of land were allotted to each employee for 
gardening purposes, only one-fourth the increase in the area of irrigated land 
would be devoted to co-ordinated agricultural and manufacturing operations. 

To provide for the continued future development of irrigated lands, as 
indicated by Fig. 1(b), more water will be required than that which will be 
furnished by the present Central Valley construction program. These addi- 
tional supplies will be secured from other reservoirs contemplated in the 
State’s comprehensive plan of water development. 

The foregoing examples indicate broadly the opportunities for industrial ex- 
pansion that exist within the State and also show that future industrial 
growth could be absorbed by the Central Valley without changing materially 
the program of agricultural development now planned for California. 
Although this exposition demonstrates the relation of the entire Central 
Valley to potential industrial development, it does not show in detail the 
economic benefits that could be obtained by co-ordinating agriculture and 
industry. A more comprehensive picture of the possibilities of decentral- 
ized industrial planning is needed, and this may best be obtained by a detailed 
study of ‘a specific project. 


PART III.—POSSIBILITIES OF MADERA IRRIGATION DISTRICT 
AS LOCATION FOR 
CO-ORDINATED INDUSTRIAL AND AGRICULTURAL PROJECTS 


GENERAL DESCRIPTION 


The Madera Irrigation District in California is suitable for combined 
industrial and agricultural development owing to its proximity to important 
markets, its climate, its large undeveloped areas of fertile soils, and its avail- 
able labor supply. Fig. 2 shows its relative location. This District is situated 
in the heart of the San Joaquin Valley, about 150 miles southeast of 
San Francisco, 150 miles southwest of Stockton, and 22 miles northwest 
of Fresno, the latter being the largest city in the San Joaquin Valley. The 
San Joaquin River comprises the southern boundary of the District and 
the Chowchilla River, the northern boundary. The San Joaquin River has an 
annual run-off of about 1750 000 acre-ft per yr, most of which comes down 
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in the flood season of May and June. The Chowchilla River is a flood-water 
stream, with an average run-off of about 50000 acre-ft per yr. The District 
is intersected about midway by the Fresno River, which is also a flood-water 
stream, with an average run-off practically equal to that of the Chowchilla 
River. 

The total area of the District is 173179 acres, of which 32719 acres are 
rough hardpan, of doubtful value for irrigated land under present economic 
conditions, and 13 872 acres are irrigable, but not as satisfactory for cultiva- 
tion as the better class of land. The remainder of the District, or 126 588 
acres, is first-class, flat, irrigable land, of which 75000 acres are now irri- 
gated and cultivated and 51588 acres are not irrigated. The latter area, 
which is now (1936) partly used for raising grain, is available for either indus- 
trial co-operative gardening or for independent agricultural development. 
For the purpose of this investigation, it has been assumed that about one-half 
the first-class available land, or 25000 acres, will be taken up by combined 
industrial and agricultural developments. 


PopuLaTION AND LAaBor SuPPLY 


The Madera Irrigation District includes two cities within its limits, 
namely, Madera, with a population of about 6000, and Chowchilla, with a 
population of 1000. The rural population is estimated to be about 7000, 
making a total population for the District of 14000. Aside from these perma- 
nent residents, there is a large transient laboring element which follows the 
cotton and fruit seasons. 

Most of the labor available is unskilled. If permanent employment were 
offered, a large portion of the transient labor would settle permanently in 
the District and skilled labor would also be attracted. A number of workers 
are available in winter when they are not engaged in agriculture, and many 
men who work in the granite quarry and logging camps have extensive “off” 
seasons. As living conditions within the District are excellent, no difficulties 
would be experienced in attracting an ample supply of both skilled and 
unskilled labor. 


CLIMATE AND RAINFALL 


The average daily maximum temperature for the year is 75 degrees. The 
temperature varies from a minimum of 36° in January to a maximum of 99° 
in July. The climate is dry and exceptionally healthful. Regardless of the 
high maximum temperatures that are attained during the summer, personal 
discomfort is seldom experienced owing to the low humidity. 

The average annual rainfall is 9.56 in., which is typical for the arid lands 
of the San Joaquin Valley requiring irrigation. About 85% of the seasonal 
rainfall comes in the six months between November and April, with a yearly 
average of about 45 days of rain. There is a peculiar tendency, especially 
in the spring and autumn, for the rain to occur at night; so there is little 
interference with work. The climatic conditions of the San J oaquin Valley 
are especially favorable to industrial development. 
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Water REQUIREMENTS AND WaTER Supply 

For the purposes of this investigation an analysis has been prepared on 
the premise that the District was fully developed in 1929. In the following 
analysis, it has been assumed that 25000 acres of the first-class land has been 
utilized by industry for co-operative gardening purposes and that the 
remainder is developed by individual farmers. 

Probably not more than 85% of the available land, or 119 000 acres, will be 
irrigated in any single year. The remaining 15% may be dry farmed, tem- 
porarily, or allowed to lie fallow. The quantity of water that will be required 
by the project, therefore, will depend upon the relative acreages of the respec- 
tive crops that are grown upon this land. Table 5 shows the land use assumed 
in making this investigation and also the water requirements for each crop. 


TABLE 5.—Lanp User Assumep 1n INVESTIGATION 


4 Duty, in Total con- 

Crop Area, in acre-feet sumption, in 
acres per acre acre-feet 
PANEL ISEE PR cen wick cic rcear ays Te ove eeu: els ote rareusch' « sie erefe 6.0) s/e)aieraii0 6 28 200* 3.0 84 600 
Satan EE ROM ore oh chk a. Shiels eee Mca + 18 800* 2.5 47 000 
Trees and vines 23 500* 2.0 47 000 
OE AS dette a oe eel hata ete scien bes 9 400* 1.5 14 100 
Miscellaneous field crops 9 400* 3.0 28 200 
eC He a aisle, alae a ehole ciel sale casecegels)eaidie Wie. s leis waralaceie fees 4 700* 3.0 14 100 
Industrial gardens 25 000 3.0 75 000 
baled OLMAUTIP AGION sore oor ale aia cieleiessievercusi hs ayes, eie =irye Glee ekeiar= 119 000 2.6 310 000 

Domestic and industrial use based on future population of 

THR ANDO) ao se AE Gee © PEE Sickel o. cie yd) ates RORCOiG Paco OLCIOR a) aero ae CI Uae aI 17 000 
Total annual consumption........----cssseeeesosweeh coeseees ete I ssesee cee 327 000 


* Based on percentages used in forecasting demands for Central Valley Project. 


A large part of this required supply may be drawn from the San Joaquin 
and Fresno Rivers after the Central Valley Projects have been constructed. 
Experience in this District has shown that 25% of the gravity water diverted 
from the San Joaquin River will be lost by lateral seepage and of this quan- 
tity 15% will be recovered by pumping, the other 10% being completely lost. 
The quantity of water, in acre-feet, to be taken from each source of supply, 
therefore, is estimated as follows: 


From Fresno River. .....ssscseesee eee ceeeee eee 20 000 
From San Joaquin River, 258000 acre-ft, of which 
three-fourths reaches the land.........+.+++++ 193 000 
Pumped from natural underground recharge... -.. 75 000 
Pumped from artificial recharge, 15% of 258 000 
PLO ees i gate eee ee cites «ois vie Sere “s 39 000 


Total delivered to land and industries.....-.. 327 000 
This quantity is only about 10% in excess of that which would be required 
if the District were developed as an agricultural project alone. 


Cost or WATER SUPPLY 


Tt has been estimated that the cost of water from the San Joaquin and 
Fresno Rivers will be $3.00 per acre-ft after the construction of the Central 
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Valley Projects. The average cost of pumping in the Madera District is $0.05 
per acre-ft for each foot of lift. For the average lift of 65 ft which exists at 
present, the average total cost of pumping is $3.25 per acre-ft. This value will 
apply only after the Central Valley projects are constructed. As the ground- 
water is now (1936) lowering rapidly, pumping charges will be increased 
if new sources of supply are not obtained. On the basis of the foregoing unit 
costs, the total cost of water may be estimated as follows: 


Gravity supply, 278 000 acre-ft @ $3.00...... = $834 000 
Pumped supply, 114000 acre-ft @ 3.25...... = 3870000 
Operation and maintenance of gravity system = 120000 
Total cost of water per year............ = $1 324000 
__$1324000 $4.05 per acre-ft, or only 14 cents per 1000 gal, 
327 000 acre-ft at the land or factory 
The proportion of the total annual cost required for each use would be: 
Industrial gardens, 75 000 acre-ft @ $4.05 = $303 750 ; 
Industrial and domestic use, 17000 acre-ft@ 4.05 = 68 500 
Independent agricultural 
development, 235 000 aere-ft@ 4.05 = 951750 
Votaliprecchys . 1 Wee pane sos, GOO acre-£ = $1 324 000 


The construction of the Central Valley Projects will make available an 
adequate and low-cost supply of water for both agricultural and industrial 
purposes. ‘ 

PowrERr 

An ample quantity of power is available for both industrial and agricul- 
tural needs. Power charges vary from a minimum of 55 cents per kw-hr for a 
monthly consumption of more than 5000 kw-hr, to a maximum of 4.0 cents 
per kw-hr for general power service. 


Soins 


: 


The soils of the Madera District consist principally of sandy loams of 


excellent fertility, suitable for raising alfalfa, grains, trees and vines, truck, 
and other field crops. 


Lanp OWNERSHIP AND VALUE 


All the land in the District is privately owned although a large part of it 
is in the hands of banks and mortgage companies. This situation, which is not 
uncommon to irrigation districts, as well as other farming areas, points to 
the need for a re-adjustment in irrigation planning. Obviously, a greater 
population density is needed, and this may be obtained most readily by indus- 
trial developments related to the land as a population base. 

Holdings in the District range in size from about 20 acres to 320 acres, 
with an average of about 80 acres. Values of agricultural land depend at 
present upon the relative fertility of the soil and the comparative ease with 


ie 
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which underground water may be developed. Grain lands, considered non- 
irrigable under present conditions, are worth from $18 to $25 per acre. Land 


adapted to the growing of cotton, vines, deciduous fruit, ete., is valued at from 
$75 to $125 per acre. 


TRANSPORTATION 


The Madera District is traversed by the Southern Pacific and the Atchison, 
Topeka, and Santa Fé Railroads which connect it with the most important 
market areas. Many of the products of the District are transported by truck 
to Fresno where they are taken over by jobbers and packers for refrigeration 
and shipment. The average length of haul to Fresno is about 25 miles, and 
the hauling rates vary from 8 to 12 cents per ton-mile. 


VALUE OF Orops 


An estimate of the annual gross value of the crops, if the District were 
completely developed, is given in Table 6. The prices upon which this esti- 
mate is based are the average f.o.b. values per acre for the seasons of 1929 to 
1934, inclusive. 


TABLE 6.—Va.uE or Crops 


Crop Area, in Valie per | Total gross 
acres acre value 
Industrial gardens..........000-:se reer seer cece tenes 25 000 $100,00 $2 500 000 
PALES ee caittociatenaieie aleteusiies Ss. evs ehe ele wiedoiers 28 200 66 ,00 1 870 000 
Goto nies esiotetbalelausislena. shepeusheyetele,/6er'siese sire 18 800 55,00 1 040 000 
Trees and VineS.......6.02 +2 sees eeeeeee 23 500 94 ,00* 2 210 000 
Me WELLE Sense hae chats dies) atarsiar nia aie 9 400 19,00 180 000 
Miscellaneous field crops 9 400 50,00 470 000 
eae Ee ede cou ae) Sprit oer eacens tora her ene jel iayeyey® e 4 700 100,00 470 000 
Res ball eee tet eect tea visea coho o) euoh.sts stb’ sya hd 119 000 $73.44 $8 740 000 


* Based on average value for San Joaquin Valley ; derived from data given in ‘‘Permis- 
sible Economic Rate of Irrigation Development.” 


The average gross value of crops per acre of crops for the years 1929 to 1934 
is about two-thirds of the value for 1929", On this basis the average gross 
value per acre for the Madera District in 1929 would have beeen $110 per acre, 
and the total gross value of crops for the District would have been $18 090 000. 

The gross value per acre of crops for the Madera District, on the 1929 
basis, compared favorably with those of the most productive Federal Reclama- 
tion Projects, as follows: 


Gross average value of crops 


Project per acre (1929 basis)™ 
Okanogan, Washington $250 
Yakima, Washington «..-.--.+-se5ses serge eyereces 120 
Madera, California (estimated). ....--+e++++- PR mize 110 
Vania ATIZORG vcs» Greg aease cutee resis y tes eet t 90 
Carlsbad, New Mexico.......---s+-eerressesreres es 15 


2B Rept. on Federal Reclamation, by J. W. Haw and F. BE. Schmitt, M. Am. Soc. Gre 


p. 63. 
14 Loc. cit., pp. 34 to 58, inclusive. 
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Existing [npustrIAL PLANTS 


There are seven cotton gins scattered throughout the Madera District from 
Chowchilla to a region eight miles south of Madera. There is also a cotton- 
seed mill and a creamery at Chowchilla. There are three wineries within the 
project, with a combined tankage of 2 757 000 gal, and also a lumber mill with 
a capacity of 5000000 fbm per season. 


Future InpuSTRIAL DEVELOPMENT 


It is impossible, of course, to forecast accurately the kinds of industries 
that may be attracted by a given situation. All that may be accomplished 
in this investigation is to demonstrate the possibilities of co-ordinating indus- 
try and agriculture within the District by studying the characteristics of the 
area and of a selected group of manufacturing plants. Table 7 gives a list 
of industries that could be located within the Madera District and also certain 
average relationships which have beeen computed from the statistics for these 
industries in the Industrial Census of 1929. 


TABLE 7.—Inpusrries THat Coutp Bre Co-Orpinatep witH AGRICULTURE 
on Mapera Irrigation District 


Per- | Per of * Goat of +o Value oF ellen 
. sons = . ost 0 alue o added by 
Industries in in- one Salaries Bees materials products manufac- 
dustry rents ture 


(a) INDUSTRIES ENGAGED IN PROCESSING AGRICULTURAL PRODUCTS 


Leather, tanned, curried 


and finished.......... 2 000 17 $576 000} $2 340 000)$12 400 000} $17 700 000] $5 300 000 
Boots and shoes........ 5 000 30 | 1 000 000) 4 950 000).11 400 000) 21 400 000) 10 000 000 
Pocketbooks, purses, and 

card cases........... 500 11 | ° 193 000 635 000} 1 470 000 2 840 000) 1 370 000 
Cotton goods.......... 5 000 15 470 000} 3 720 000) 10 400 000) 17 400 000] 7 000 000 
Woolen goods.......... 1 000 7 222 000) 1 060 000) 2 650 000 4 650 000} 2 000 000 
SIG POOR a osha wes a hs 3 200 27 615 000} 3 060 000) 6 500 000} 12 900 000] 6 400 000 
Wood,turned and shaped, 

other wooden goods... 500 20 130 000 425 000 660 000 1 620 000 960 000 

Sub-Total sey, aioe 17 200| 127 |$3 206 000|$16 190 000/$45 480 000| $78 510 000|$33 030 009 


(b) InpusTRIEs ENGaGED IN MANUFACTURING MECHANICAL AND ELECTRICAL EQUIPMENT. 


Agricultural implements. 800 5 $225 000 $990 000| $1 910 000 4 

Electrical machinery... .| 5 000 22 | 2 110 000} 5 650 000] 12 000 000 3 500 000 % £50 000 
Refrigerators, mechanical! 1 000 2 362 000} 1 510 000| 3 740 000 8 350 000! 4 610 000 
Hardware manufacturing] 1 000 8 328 000} 1 120 000} 1 270 000 3 810 000} 2 540 000 


Suv= Lotal arse se wes 7 800) 37 |$3 025 000] $9 270 000/$18 920 000) $45 260 000/$26 340 000 
‘LOtaIs sfctssstis o's» 25 000) 164 |$6 231 000/$25 460 000/$64 400 000/$123 770 000/$59 370 000 


In listing this group, it was assumed that about one-eighth the total indus- 
trial deficiency for the State (see Table 4) would be developed within the 
Madera District. To have concentrated more industries in this area (on 
the 1929 basis) would have defeated the purposes of an industrial decentraliza- 
tion program. The plants were selected, therefore, with a view to obtaining 


a well diversified group producing a total annual value of product equal in 
amount to about $124 000 000. 


November, 1986 RECLAMATION AND INDUSTRIAL AND AGRICULTURAL BALANCE 1403 


The selection of the industries shown by Table 7 was based on the felhowine 
principles: 


(1) Industries were selected that would not compete with existing indus- 
tries within the Madera District. . 

(2) The location factors, outlined previously under the heading “Possi- 
bilities of the Madera Irrigation District as a Location for Co-Ordinate 
Industrial and Agricultural Projects”, are favorable to each of these industries. 

(3) All manufacturing plants listed in Table 7 could have their operations 
co-ordinated readily with agricultural work, that is, workers could divide their 
time between the shop and their gardens without interfering with industrial 
operations. 

(4) Two groups of industries were selected: The first relates to the pro- 
cessing of agricultural products, and the second consists of certain indus- 
tries using mass-production methods in their manufacturing processes. Both 
groups are compatible with a program of decentralization. Industries engaged 
in the processing of agricultural products that could be raised within the 
District would effect large savings in transportation costs and offer ready 
markets for the raw materials produced by adjacent farms, Workers engaged 
in mass-production operations, as previously emphasized in this paper, need 
greatly both the physical diversification and the “back-log” of employment 
that may be obtained through part-time gardening. 

(5) The annual value of the products of each of these plants is either equal 
to or less than the deficiency of this industry within California in 1929. 

(6) Raw materials for each industry may either be produced within the 
District or brought in by rail or water transportation from adjacent sources 
of supply. 


Approximately 25 000 industrial workers would be required to operate the 
plants shown by Table 7. As each of these would represent a family of about 
four, it is reasonable to assume that the total increase in population due to 
this industrial development would be 100000. Allowing 1 acre of land per 
worker for gardening purposes, a total of 25000 acres would be required 
for decentralized industrial developments as assumed previously herein. 


MarkKeETS AND COMPETITION 


The existing plants in California, manufacturing the products listed in 
Table 7, would offer little competition to similar industries located in the 
vicinity of Madera. This fact is shown clearly by Table 8 which gives an 
analysis of the existing market served by each industry shown in Table 7. 

The three industrial areas analyzed in Table 8 are outlined in Fig. 2. 
Values of products and the population served for each industry were segre- 
gated for these three Districts. Tt will be observed from Table 8 that the 
population served by most of the industries within each District is now 
appreciably less than the population of the District. This means that the 
existing industries are not even meeting the needs of their adjacent areas 
and, therefore, would not offer much competition outside these areas. 
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Consider, for example, the products of the plants manufacturing boots and 


shoes. In the Los Angeles industrial area, the shoe factories served only 


203 000 persons, leaving a market of more than 200000 persons in this area 
who must purchase shoes that are manufactured elsewhere. Table 8 shows 


TABLE 8.—Anatysis or Markets AND COMPETITION 


STATE OF Los ANGELES San Francisco REMAINDER OF 
CALIFORNIA INDUSTRIAL ARBA woSagh she Jue SraTEe 
Popula- Popula- Popula- Popule- 
Industry Value of Hou Value of tion Value of tion Value of tion 
product, | served | product, | served | product, served | product, | served 
in thou- by in- in thou- by in- in thou- by in- in thou- by in- 
sands of | dustry, | sands of | dustry, | sands of | dustry, | sands of | dustry, 
dollars | in thou- | dollars | in thou- | dollars | in thou- | dollars | in thou- 
sands sands sands sands 
Population,* 1936 
census, in thou- 
SANUS NG as | Pa aeye osc La SYA Aaah 9 teen 2200 sltoncione. AL PB OT) es etecee 2 161 
Leather, tanned, 
curried and fin- 
ashedcls. Magee ote 4 410 Deh DO cecace wh oatua de frcte aig oe 2 946 750 1 464 370 
Boots and shoes... 3 095 391 1 604 203)" 52 ak x diol eee ane 1 491 188 
Pocketbooks, 
purses, and card 
OABOS cx. crot rests, oe 492 882 298 532 194 350 |). .tbacererdietn dee ee 
Cotton goods..... 6 406 GAS Sees were Pee es eh dies eae sige ave Oe oe Tels 6 406 513 
Woolen goods..... 1 561 O55 it... Frater JI eee eek eee ees 1 561 655 
Knit goods....... 10 303 1 400 6 341 SEQ" | ie exec oem tte tas 3 962 538 
Wood, turned and 
shaped ;__ other 
wooden goods.. . 1 159 2 040 645 1 130 410 725 104 185 
Agricultural imple- 
MENUS green sheet 7 924 S AESO ANE. cloee tae hs ieee A Ghee s Siero ep Meee Spe ote 7 924 3 480 
Electrical machin- ‘ 
Ye: Bete ere 42 131 2 240 11 009 588 26 865 1 425 4 257 227 
Refrigerators, me- 
CHamical Pie 275.2 ba sS Sal cet shee eects Fee otaltanarcanes| acetal aves cetTteataee oo caaneret] cone car | eee ee | 
Hardware manu- 
facturing....... 1 969 1 051 897 480 1 023 545 49 26 


* Population served is equal to or greater than that of industrial area. 


that the plants manufacturing agricultural implements serve more per- 
sons than the population listed under “Remainder of State.” A deficiency for 


this product however, exists within the State, and this justifies the inclusion 
of such plants in Table 7. 


Economic Benerits Resuuting rrom Co-OrpInATED 
AGRICULTURAL AND INDUSTRIAL DEVELOPMENTS 


The best way to visualize the financial improvement that would result from 
developing within the District the industries shown by Table 7 is through com- 
parative statements showing the possible results of operating the District, first 
as an agricultural project alone, and then as a combined industrial and agri- 
cultural project. In preparing such statements, the gross annual value of the 
crops may be compared with the total value of the products given by Table 7. 
The gross values of the crops represent the prices at the land, before trans- 
portation and other charges have been added. The values of products like- 
wise represent the prices at the factory. Both these values are measures of 
benefit to the agricultural and industrial workers as their individual net 


incomes should vary in proportion to gross values. It would be better, of 


aw oe 


Q 
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course, to’ base the comparison on the net income per capita before and after 
the introduction of industrial plants. Unfortunately, such an investigation 
would involve lengthy studies of agricultural and industrial production Gosts 
which vary so widely that generalizations would have little or no value. 

In Table 9, the District is assumed to be fully developed. It must not be 
understood from this comparison that industrial workers would have nearly 


TABLE 9.—Comparative Estimatep STATEMENTS OF 
Economic CHaArActeEristics, 1929 Basts 


: Total co-ordinated 
Description Agricultural Industrial agricultural 
development development and industrial 
development 


POpUlAOUIR ratte. cote accion ee 000 100 0 125 000 
Value of product........ eben eye: arith $13 000 000 $124 000 000 $137 000 000 
Value of product per capita.................. $520 $1 2 $1 100 


twice the average net income earned by agricultural workers. It would be 
reasonable to assume that about one-half the gross agricultural income per 
capita would be represented by production costs leaving a net average income 
per capita of $260. This would correspond to the average wage per capita of 
the industrial population which is estimated from Table 7 to be, $31 691 000 , 

100 000 
or $317. 

With the improvement in agricultural prices that will follow recovery, 
there is every possibility that the incomes of agricultural workers and indus- 
trial workers would be about equal. It is certain that the industrial worker 
would have nothing to lose by devoting part of his time to gardening as the 
land utilized for raising truck yields a rate of return that would probably 
exceed industrial wage rates. On the other hand the worker has everything 
to gain by having an alternate source of employment during lay-offs and slack 
periods. 

As indicated in Table 9 the population with combined industrial and agri- 
cultural developments would be at least five times that of the District if it 
were devoted to irrigation farming alone. This does not include the great 
number of additional people that would be necessary for professional and 
commercial occupations. Although this part of the population is difficult to 
estimate, it is certain that the increase would be substantial. Tables 1 to 9, 
therefore, do not include all the benefits of decentralization, industrial con- 
struction, highways, schools, churches, and buildings, because social institu- 
tions would all help to develop the population and would bring tremendous 
benefits to the District as a whole. 


OPERATING PLAN FOR DECENTRALIZED INDUSTRIAL DrvELOPMENT 


The assumption that 1 acre would be cultivated by each industrial worker 
is rather liberal for the needs of the average family and is greatly in excess 
of the actual requirements for a subsistence basis. The writers, however, 
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advocate an abundant rather than a subsistence level of living. The care ot 
1 acre of ground would require about 1.5 days per week per worker if the 
plots were operated according to the centralized plan as developed in Examples 
1 and 2. As a matter of fact, industrial gardening on irrigation projects 
could be operated under no other plan, as it would be impractical to water and 
care for widely scattered projects. 

Experience has shown that clearing and preparing the industrial gardens 
for planting could best be handled by the several companies within the Dis- 
trict. The land adjacent to the plants could then be laid out in plots which 
would be assigned to the individual workers. The rotation plan of operation 
is not recommended as this removes the incentive derived from individual 
accomplishment. 

Educational measures and strict supervision are absolutely essential. It 
would not be necessary for each plant to employ a trained agriculturist as one 
organization could handle the agricultural operations of several concerns, In 
addition to direction and education, the supervisor and his assistants would 
purchase and distribute seeds and also would manage the storage, distribution, 
and marketing of the agricultural products. Central storage facilities and dis- 
tribution systems would be provided by each company. This measure is neces- 
sary to insure both the proper care and handling of the produce and a minimum 
of spoilage. 


CoNCLUSIONS 


The foregoing detailed study indicates clearly that economic improvement 
would follow the co-operation of industry and agriculture on irrigated areas. 
It is not within the scope of a single paper, however, to present a quantitative 
analysis that even begins to show the potential benefits made possible by the 
great water conservation projects now (1936) being constructed. 

New thinking is necessary if these results are to be achieved. One cannot 
view the areas affected by Boulder Dam, or by the works now (1936) being 
constructed in the Central Valley, the Columbia Basin, or the Tennessee 


Valley, in terms of flood control, power, or irrigation alone. Larger i 


objectives will be attained if the new lands made available by each project 
are considered as a population base for a potential industrial development. It 
is entirely possible that many future industrial areas will develop about water 
conservation works rather than about congested cities. 

These new industrial areas will not be limited by either State lines or 
other political boundaries; markets and transportation costs will determine the 
competitive limits within which the complementary industrial and agricul- 
tural developments of a water conservation project may serve economically. 
For example, the area which the future industries of the Central Valley 
project could serve may be much greater than that of the State of California 
as assumed in this investigation. To determine accurately the total potential 
industrial growth of the Central Valley, investigations should be made for 
the purpose of establishing the limits of the competing areas that will be 
adjacent to the Columbia Basin projects, to Boulder Dam, and to other 


= 
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projects suitable for industrial development. Obviously, such investigations 
must have an important place in future national planning. 

Widespread industrial decentralization correlated with water conservation 
can be brought about only by the joint efforts of business and the Federal 
Government. Manufacturers are turning to industrial decentralization prin- 
cipally because it is profitable. The opportunities for profitable industrial 
expansion will follow the extensive water-shed development programs that 
have been sponsored by the Government. 

Industrial relocation in rural areas and subsequent co-ordination with 
agriculture will be beneficial to the entire country. The markets for both agri- 
eultural and industrial products will be brought closer together; therefore, 
decentralization will aid materially in the solution of the distribution prob- 
lem. Existing industrial areas will not be affected adversely by such a move- 
ment; as a matter of fact, relief from over-congestion, due to the abandonment 
of many obsolete plants, accompanied by the migration of both the industry 
and its employees, would prove a positive benefit to many cities. Modern 
production units in healthful locations would replace many of the huge anti- 
quated plants that.are now found so frequently in industrial centers. 

The stabilization of income through occupational diversification would 
result in. a tremendous increase in demand for all products, and lower pro- 
duction costs would put these products within reach of the workers. It is safe 
to say, therefore, that the plants moving away from industrial cities would 
eventually create about them their own markets and would not injure or 
compete with the plants within existing industrial areas. 

It is recognized generally that the present demand is not near the satura- 
tion point. What average person, for example, would not be glad to double his 
(or her) wardrobe if economic conditions permitted? A little thought will 
show that this situation extends into every department of modern life; a 
tremendous potential demand is thwarted by putting the products of industry 
just out of the wage earners’ reach. Once these obstacles are overcome, it is 
safe to say that the total industrial production capacity of the nation will be 
found to be entirely inadequate. 

Actual experience has proved that labor is ready and willing to accept 
both diversification and decentralization. This transition cannot be accom- 
plished over night; considerable training and re-adjustment will be necessary 
before the benefits of decentralization may be realized. The end results, how- 
ever, will more than justify the cost. 

The diversification of labor would curtail the over-expansion of farm lands 
by eliminating from competitive use the areas devoted to industrial gardening. 
These gardens would not take away part of the existing market for agricul- 
tural produce; actually, they would help to lift the burden of relief which is 
not only robbing the farmer of his market, but increasing his tax load as well. 
The unemployed man cannot buy produce; it must be given to him, and the 
farmer now helps with the giving. It is safe to say that the greatest losses 
of the depression have been the production losses due to idle time. Any sys- 
tem that will help to capitalize idle time, will also reduce the relief load, and 


. 
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thereby improve the economic condition of the entire country. Such improve2 
ment results inevitably in better markets for the products of both agriculture 
and industry. 

To summarize, water conservation projects correlated with combined manu4 
facturing and farming developments would assist in bringing about the 
balance between industrial and agricultural production that is necessary 
economic stabilization. 
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Discussion 


By WALTER H. WEISKOPF AND JOHN W. PICKWORTH, 
Assoc. MEMBERS, AM. Soc. C. E. 


Water H. Weiskopr” anp Joun W. PickwortH,” Assoc. Mrmsers, Am. 
Soc. C. E. (by letter).“"—The broad approach to the subject adopted by 
discussers of this paper is gratifying. It is a strong human trait to be dis- 
trustful of new methods and engineers are undoubtedly unfamiliar with the 
general application of substitute J-curves. The many suggestions and 
examples of use, as well as the fund of data that has been so generously 

_contributed, are greatly appreciated, constituting as they do a tribute to the 
progressive spirit of the profession. 

The frank statement that this method employs a substitute J-curve might 
lead some students of the subject to feel that for this reason the analysis 
is inherently inaccurate and to be distrusted. It should be realized that for 
all tapered members, except a few very simple forms, there is no exact treat- 
ment. Whether the designer realizes it or not, all methods are approximations 
or, in a sense, use substitute J-curves. 

In the commonly used methods the integrations are performed by dividing 


M 


the member into sections along its length. The value of = , or oe , at the 


mid-point of each of these sections is assumed to apply to its entire length. 
In reality, this substitutes a series of steps, not only for the J-curves, but for 
the moment diagram as well. The latter inaccuracy is one which the writers’ 
method does not introduce. The accuracy of the common method depends on 
the number of sections or steps employed. Usually, these sections are from 3 


to 6 ft long, and the results are sufficiently accurate for ordinary engi- 


Notrs—The paper by Walter H. Weiskopf and John W. Pickworth, Assoc. Members, 
Am. Soc. C. E., was published in October, 1935, Proceedings. Discussion on this paper has 
appeared in Proceedings, as follows; February, 1936, by Messrs. Fred L. Plummer, and 
LeRoy W. Clark; March, 1936, by Messrs. EB. G. Paulet, J. Charles Rathbun, and Halvard 
W. Birkeland; May, 1936, by Messrs. C. W. Dunham, Fang-Yin Tsai, A. A. Eremin, and 
Austin H. Reeves; and August, 1936, by Messrs. A. W. Fischer, and L. Legens. 


67 Cons. Engr. (Weiskopf & Pickworth), New York, N. Ni 
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neering purposes, but such approximations are no more trustworthy than 
the use of a smooth curve which follows the general course of the J-diagram. 

Messrs. Large and Morris™ have improved on ‘the “stepped” substitute 
I-curve by introducing a series of inclined straight lines or chords. The area 
under the curve is thus divided into a series of trapezoids instead of rectangles. 
This method still involves a substitute J-curve, although an excellent one. 

The accuracy of the method of substitute J-curves depends on the skill 
employed in fitting the curve. As Professor Clark discovered in turning his 
students loose on it, the method is not a fool-proof onevthat can be used safely 
by any beginner, but should be applied intelligently. 

Mr. Reeves mentions two conditions that should be satisfied by the substi- 
tute curve: The area and the center of gravity of the area under the J-curve 
should be maintained. An additional thought should be borne in mind, 
namely, that where an exact fit is impossible it is more important to have a 
close fit at parts of the member where the moment of inertia is small rather 
than where it is large. This follows from the fact that the contribution of the 
work terms is large where the value of J is small, and vice versa. . 

Professor Plummer gives the relations’ between the terms F;, Ff, and F; 
and the constants used in the conjugate and fixed-point methods of analysis. 
The following relations can be added to those which he gives: 


22 Lilia su (ue shite ee (224) 
F,+F; 
and, 
Bo Py oth lind ate (225) 
F,+F, 


Professor Clark finds results obtained by means of the substitute J-curves— 
satisfactory where he used the formulas for two-section members on a member 
which has two sections (Fig. 13(a)). In Fig. 18(b), however, he tried the 
formulas for two-section members on what is very obviously one with three 
distinct parts, a long uniform center section with sharp haunches at the two. 
ends. It would have been more in the spirit of the writers’ work to treat 
the center section as uniform and fit a substitute J-curve to each of — 
haunches. This can be done either by integrating with numerical values for 
an individual member, or by integrating to derive formulas. For such a 
member the formulas are no more complicated than those of Case 1 and are 
much more accurate. 

Even if it is stretching the mathematics considerably to apply two-section 
formulas to a three-section member, the results are quite accurate if judg- 
ment is exercised. As mentioned previously, it is more important to have _ 
the two I-curves fit where the member is small than where it is large. This 
explains why Professor Clark obtained best results using a shape exponent 
which made the curves coincide where x = = 5, and is obvious to one skilled” 
in the method. Trying the other values (2. = 1; oreev22 ay, SS REED was 


* Bulletin No. 66, Ohio State Univ., Columbus, Ohio, November, 1932, p. 14. 
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misleading. On the other hand Mr. Reeves treating the same member (Fig. 27) 
immediately selected a value of 4.9 for el. 

Professor Clark tried to test the speed of the method of substitute /-curves 
by having some of his students work the same problem, by using it, and by using 
the column analogy. The column analogy is a general method of analyzing 
statically indeterminate structures. The substitute [-curve affords a means 
of integrating the functions of 2 divided by 7, which can be used in any 
method of analysis, the column analogy as well as any other. The two are 
not comparable. What Professor Clark means, of course, 1s that he compared 
the speed in obtaining results using formulas derived by the least work theory 
and substitute I-curves for the integrations, with the column analogy and a 
step-by-step summation for the integrations. Such a comparison in any case 
is not very clear, but’ considering that the students were presumably familiar 
with the step-by-step summation and totally unfamiliar with the method of 
substitute J-curves, it is of no value. 

Mr. Paulet has contributed several illuminating examples of the use of 
the method. His thorough grasp of the fundamentals enables him to make 
variations in the application which add to the flexibility. For instance, his 
arbitrary assumption of the length in order to maintain a simple shape 
exponent is an ingenious hint that should prove useful to the skillful designer. 
Another excellent suggestion by Mr. Paulet to those who desire a visual guide 
in the selection of the shape exponent is to prepare a family of curves similar 
to Figs. 2 and 3 for ready use. 

Professor Rathbun suggests another substitute curve, based on the assump- 
tion that the reciprocal of J varies as a parabola, and he further suggests that 
by increasing the power of x and the number of terms, the J-curves can be 
made to coincide at three, four, or more points. This is a possibility, of course, 
and there may be designers who prefer this curve. A disadvantage, however, 
is that the constants which Professor Rathbun designates 1, ps, etc., are 
expressed by formulas and have lost all obvious relationship to the form 
of the member. The constants, A (taper modulus) and n (shape exponent), in 
the writers’ curve (Equation (1)), have a clear and obvious significance. 

Professor Rathbun is incorrect in stating that the writers make the 
approximation of substituting a continuous curve for the two sections of 
the “stepped” member, Case 4. This case is treated by making the two parts 
of the member uniform, but not the same (A. =-0, B= 0, [4 doés, not 
equal J,). Since the terms, A, B, n, and m disappear, the formulas for Case 4 
are not approximate as Professor Rathbun states, but are exact. 

Mr. Birkeland stresses the importance of an understanding of the physical 
significance of the mathematical terms employed by the engineer. He pre- 
sents a geometrical interpretation of the F-terms by means of angular changes 
in the unit beam due to various unit moments and loads, which is undoubtedly 
clarifying to those accustomed to study the behavior of structures in’ terms 
of slope changes and deflections. 

Correctly, he points out that all F-terms beyond F’, can be obtained from 
F, and F;, but such formulas as his Equation (165), should be used with 
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care. In members of more than one section the integrations must be per- 
formed separately for each section. 

Mr. Birkeland suggests using J, instead of J, as a reduction factor to 
obtain the F-terms. This is entirely a matter of personal preference. The 
writers intended to present a general method which an individual engineer 
can use to best advantage by adaptation to his own particular taste. If a 
designer prefers using J, to J,, and has sufficient mastery of the method to 
make this modification throughout, there can be no objections. 

Mr. Dunham very properly emphasizes the importance of fixing the work- 
ing lines correctly. The suggestions embodied in Fig. 12, and in Professor 
Tsai’s Fig. 26 should be followed. Another method, brought out by Mr. 
Fischer in connection with the curved girder of a rigid frame, is to use a 
working line through the center of gravity of the ends of the member and 
later apply a correction. 

Professor Tsai presents an extensive discussion of the various methods 
of analyzing structures composed of tapered members, and very complete 
tables showing the equivalents of the constants of the various systems. These 


are valuable records compiled in a scholarly manner. He is to be compli- 


mented on his presentation of the generalized equation of three moments. 
The method so often used in the past for want of a better one, assuming that 
a tapered continuous beam is uniform for the purpose of computing the reac- 
tions, is frequently grossly inaccurate. There has been a real need for this 
equation, but to the best of the writers’ knowledge it has never appeared in 
any text. The writers had, independently, derived a generalized three- 
moment equation for tapered members using F’-terms (see Fig. 32). 

Professor Tsai tried the method of substitute J-curves on the member 
shown in Fig. 25" for a concentrated load at Point k = 0.7 and found that 
the resulting fixed-end moments differed about 12% from those obtained by 
step-by-step summation. A better test for accuracy is the area under the 
influence line, or what amounts to the same thing, the fixed-end moment 
for uniform load. This will more nearly approach the actual loading on the 
member. 

For a uniform load the difference between the step-by-step value and that 
obtained using Professor Tsai’s substitute J-curve is 6 per cent. Professor Tsai’s 
shape exponent (m = 0.64), however, is poor. He seems to have sensed this for 
he states that better values might have been obtained using f = 0.1. Using a 
value of m = 1 the difference for the concentrated load is 5% instead of 12%, 
and for the uniform load, 2% instead of 6 per cent. If he had continued his 
comparative studies in order to develop influence lines by both methods, he 


s 


~_- 


would have appreciated the savings in time and labor which accrue once 


F,, F., and F’; are found. 

Apparently, Professor Tsai does not fully appreciate the inaccuracy of 
the step-by-step summation. For M, on this same member he obtains 27.26 ft- 
kips, whereas Professor Large obtained 27.95, a difference of 23%; yet 
Professor Tsai uses his step-by-step summation as a standard of OOM pEEISom 
for the substitute J-curve. The writers obtained a value of M, = 28 ft-kips 
using m = 1. Professor Tsai refers to the writers’ “exact” formulas, These 


ae 


el 


E 
| 
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formulas are not exact, and in no place are they so designated. An excep- 
tion to this generality is Case 4, the “stepped” member (and, of course, Case 5), 
the formulas for which are exact. 


MEMBER A . MEMBER C 


Taper Modulus A 
Shape Exponent Seal m p q | 
Moment of Inertia Ta Ip«—I¢ [, 

D 


Bending Moment Me Ms ’ M, 


P 
PIZF, A k ly 
Ts 
k<r 
kly>|P 
PLLFea 
I, 
k>r 
Maia Fea, loFic\ , Malch kigkf 
+ Me (4724+ £ 2) Fe eet eee _ PlgFsc g 
Ih . A Vf Cc IT (01 ery ie 
kc<t 
P 
k 
PIGFy¢ iG 
Tc 
k>t 
hee waleFa, Wolo Fac TOM) 
Ta I 


Fig. 32.—THREE-MOMENT EQUATION FOR TAPERED MEMBERS 


Professor Tsai suggests another substitute Z-curve in the form, J, = a 
+ ba? + ca*; but in order to integrate functions of x divided by J, the value 
of I must be expressed in some reciprocal relation to 2. The writers do not 
understand how Professor Tsai’s curve makes it possible to perform these inte- 
grations; nor does he furnish any light in this direction. 

Professor Tsai mentions the condition at the intersections of members. 
When members are shallow this presents no difficulties, but when they are 
deep and the working points are well within the adjacent members, the point 
is well worth considering. The most rational treatment of this condition is 
to assign a value of infinity to the moment of inertia for the length between 
the edge of an adjacent member and the working point. Thus, the columns 
in Fig. 26(a) would have an infinite moment of inertia for h”, the upper part 
of the length, h. This can easily be taken care of in the writers’ formulas by 


5 


} 
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considering the column as a two-section “stepped” member (Case 4) with 
I, equal to infinity. The resulting formulas, of course, are quite simple. 

Mr. Eremin gives a simple method of computing the F-terms which is 
convenient for members of one section. It is not applicable, however, to 
multi-section members. Mr. Fischer presents an interesting application of 
the substitute J-curves to the rigid frame bridge. Although the writers differ 
with him in the selection of working lines they have found by various checks, 
as he has, that the results are accurate. 

Mr. Legens presents Miiller-Breslau’s analysis of an arch, which utilizes a 
substitute J-curve. This is a good example of a use of the method beyond 
any mentioned by the writers. It should be emphasized that their purpose 
was to furnish, not a list of formulas but a method, general in its scope. 
which has many applications beyond the few mentioned. 

For those who have repetitive cases to handle, tables are most useful and 
as has been pointed out by more than one discusser, the method will be an 
aid to those computing and checking such tables. The writers do not agree 
that design should be restricted in any way by the scope of existing tables. 
It is desirable to have available a method (or rather, methods) for analyzing 
any and all shapes. ° 

Mr. Birkeland and Professor Tsai refer to the importance of understanding 
the physical meaning of the F-terms. They interpret these constants in terms 
of angle changes. Three discussers, Professor Plummer, Mr. Birkeland, and 
Professor Tsai present conversion tables which show the equivalents of the 
F-terms to the constants of other methods. The writers agree that the physi- 
cal meaning of such constants is important to a thorough understanding of 
the subject. The following analytical interpretation of the meaning of the 
F-terms is preferred by the writers. 


3 
The F-terms are ratios, .the integrals being divided by is to obtain 


y 
them. This simplifies numerical computation. For theoretical purposes, 
however, it is better to denote each integral as it stands by a symbol. 
Using G then instead of F: 


3 coal 
Qa" St Suet) Baaeaeee (226) 
A 2z 
3 2 
@u =" sis Jp “= ath SS SR (227) 
A x 
and, 
3 at 2 
(Rea oi4 ie afi ae cond aed eae (228) 


It is apparent from Equations Ae (227), ms (298), that G, is the moment of _ 

inertia of the reciprocal J-diagram about an axis at the left end of the mem- _ 
ber, and G, is the moment of inertia of the reciprocal J-diagram about an_ 
axis at the right end; G, is a fourth dimensional quantity for which there 
seems to be no name in engineering nomenclature. It is the summation of | 
the product of each elementary strip of the area under the reciprocal I-curve 
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times, first, its distance from the left end, and then its distance from the right 
end. It is like a product of inertia, except that the two axes are parallel 
instead of at right angles to each other. It will, therefore, be termed the 


“parallel product of inertia.” 


Other properties of the reciprocal J-diagram can be expressed in terms of 
the constants, Gi, Gs, and Gs, thus: 


iRee s SOAs Sie RE ee (229) 
¢ P 
GD foe, tb Ge 
Pee sae Phe. Ny nts 230 
f L ; (230) 
—az)dr _ G+G, yee (231) 
- ee ’ 
rr erent Oa Ss Rote Jet Mages (232) 
2G4,+ G+ G; 
and, 
yey pea Ae ten Me pete (233) 
26,+G4,4+ G; 


Equation (229) is the area under the reciprocal [-curve; Equations (230) 
and (231) are the statical moments of the area under the reciprocal J-curve 
about the left end and the right end, respectively; and xo and vo, respectively 
(Equations (232) and (233)), are the distances to the center of gravity from 
the left and right ends of the member. 

The moment of inertia of the reciprocal J-curve about its center of 
gravity axis is found to be: 


fl Ses LST SD ea eR = (234) 
2G,+ G,+ G 


Tt is interesting to note the appearance of the expression, G.G@s — G’, analogous 
to F.F; — FP which appeared in the denominator of the equations for fixed- 
end moments and for stiffness. 


L 
Length of Member 


l 
Dsus Length of 
“Section 
IT Curve 
Center of Gravity 
of 4 Diagram 
ry9—_—>s*___— 


Fig. 33 5 Fig, 34 


Left End of 
Member 
Right End of 
Member 


Since G, and G; are moments of inertia, their values can be transferred 
to different axes as is done with ordinary moments of inertia. This suggests 
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that in a complicated member composed of several sections the values of G. 
and G; can be summed up as the area of each section, the location of its center 
of gravity, and its Go are known. 

Fig. 33 represents the I-curve for a section of a member. In general, 
small letters will be used to represent properties of the section about axes of 
the section, and capital letters to represent properties of the member about its 
axes. The values of g,, gs, and gs for this section about its own ends can be 
found by the formulas of Case 3, the section of single taper, multiplying the 


3 
F-terms by - . Then, from Equations (229) to (234), 


a 


Gees 20 Ff ts de et meee (235) 
PA any Apia i> 11 Became (236) 
29: + 92 + 93 
and, 
ie ee EE Wee TS OS OS (237) 
2 Ji ar Jo = Ys 


Knowing zo, values of ro and so can be found. Then for the entire member, — 


Ge 3 Go crla te) coon ae eee (238) 
and, 


G; = > (go + OG 80) he nce Te eon 


An expression analogous to these for G, is: 


Gy => > (—go + ho. To 80) sitar OR ae Tee ROLL 


Thus the properties of a member can be found simply no matter into how 
many sections it is divided. Fora concentrated load, P (see Fig. 34), the terms, 
G, and G,, analogous to F, and F;, can similarly. be found. To the left of 
the load the simple beam moment is: 

Me = PA, —) K) ie. sc cee ee 


and to the right of the load the simple beam moment is: 


Me =. PEAS 'm). o.caenete ae ee ee ae 


4 L KL 2 
@ = PEM _ [Mate _ f P(l — Ky 2% a 
Ia o. otrls ° I 
L 


+ f PKea-y® te Tere ee (243) 


Then 
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By Equations (238), (239), and (240): 
KL i 


G,= PU BK) > (Go + a 0) + PK > (— 0 + a0 7 8)... (244) 
0 i KL 


In a similar manner, 


pe oe 


KL 
g,= PEP: = P(L—K) SS) to t+ to 70 5) 
0 


A 


L 
BeUP Ki > (Ga tae) am Era! ty the (245) 
KL 


Thus, all the elastic properties can be obtained for a member of any number 
of sections (see Table 9). 


TABLE 9.—Proprrties of Reciprocat J-DrAcRAM For A Section or A MemBer 


INTESRAL DEFINITION ForMULA 
1 2 
ae AREA under —~-curve 2 + 2 + 9 
Iz JE RB 
2dr STATICAL MOMENT a1 + 92 
Iz about left end of section l 
(l— x) dz SratrcAL MomMENT gi + G3 
In about right end of section l 
a BF 
Hf, AUS! PARALLEL PRopuCT OF INERTIA n= : 
Tz Io 
a? dx Moment op INERTIA oe BF, 
Is about left end of section 2 Ta 
(U— a)? da Moment oF INERTIA egies BF; 
me Ir about right end of section 3 Ta 
Distance from left end of section to center of 91 + 92 Sl 
: i ————— = 
gravity 291 + 92 + 93 
Distance from right end of section to center of 1 fa + 93 Sct 
. Ree cise Ts tila a ae 
gravity 2 91 + go + 9s 
Moment oF INERTIA 92 93 — 1" =f 
about axis through center of gravity 29: + 92 + 93 % 


This theory of combining sections of a member has been found particu- 
larly convenient where a part of the member is uniform, since for this section 
the g-terms are very simple. From the formulas given in Case 5, the uniferm 
member, there is obtained: 


yaeeiee se. . (246) 
tn6i Ts 
ea E (247) 
eS ae 5 Stud Ow Dabs OY CAS 
and, 
ks 
ens wall eee ae entero eo 
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Equations (247) and (248) are obviously the moments of inertia of a rectangle 


of length, 7, and width, is , about axes at its edge and center of gravity. 


e . 
In the member given by Professor Clark shown in Fig. 13(b) (a uniform 


center section with a straight haunch at each end) this method was found 
more convenient than the three section formulas. It was also found possible 
to integrate the section with the straight haunch using the actual J-curve, 
Iz = (a + bx)’, to find gi, gs, and gs. The foregoing relations thus make an 
exact solution possible for a member of any number of sections where the 
moment of inertia varies as the cube of the depth and the edges of each 
section are straight. 

It has even been found possible to perform the integrations and thus obtain 
an exact solution where the contours of portions of a member are conic sec- 
tions and J varies as the cube of the depth, Jz = (a + ba + ca’*)*, but this 
solution is too long for use in design work. 

It is apparent that all the relations of the properties of the reciprocal 
T-curve given in Equations (226) to (248) are mathematical theorems that 
do not depend on, and are not limited by, substitute J-curves. In the original 
paper it was brought out that the substitute J-curve furnishes a way of inte- 
grating the functions of x divided by J which can be used in any method 
of analysis. Conversely, it is possible to use these theorems without employ- 
ing substitute J-curves. Thus, if one chose, one could find the values of 
91, gz, and g; of the sections of a member by the step-by-step summation or 
by the Large-Morris approximation, and then, by means of the relations of 
Equations (235) to (245), find all the elastic properties of the member. 

It has been found that many different kinds of members can be treated 
more conveniently by summing the properties of individual sections than 
by endeavoring to consider the member as a whole in the beginning. 
Examples of such members are: 


Example (a).—A member framing into two deep members of such propor- 
tions that an infinite moment of inertia should be used at both ends. There 
would be three or more sections to such a member. The numerical work, how- 
ever, is greatly reduced by the fact that for the end sections, in which J equals 
infinity, the g-terms are zero. 

Example (b).—Steel members in which cover-plates discontinue at fre- 
quent intervals. In some eases it is accurate enough to use a smooth substi- 
tute J-curve for the entire length. In others, any number of sections can be 
employed so that the results can be obtained with any desired degree of 
accuracy. This is an example of the flexibility of the general method. 


The writers recognize fully the thought and careful work which has gone 
into the preparation of the many discussions of this paper. They wish to 
thank all the contributors most sincerely, and express appreciation of the 
manner in which they have amplified a subject that was treated, with some 
difficulty, within the confines of limited space. 
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DES CUOSS LO.N'S 


SUCCESSIVE ELIMINATION OF UNKNOWNS IN 
THE SLOPE DEFLECTION METHOD 


Discussion 


JOUR Be WILBUR... ASSOC.-M.. AM. :50Gs C. E. 


Joun B. Witsur,” Assoc. M. Am. Soc. C. E. (by letter).““—The valuable 
additions that have been contributed by the discussers of this paper are 
appreciated. In one general respect the method of presenting the solution ofa 
continuous beam by successive elimination of unknowns was unfortunate in 
that it was included as a pedagogical step in leading the reader gradually 
into the more complicated problem of a building frame, in which it was 
believed the proposed expedient might be of value. The writer agrees with 
those who suggest that other methods of solution are likely to be superior 
in analyzing continuous beams. 

A method of determining, approximately, the bending moments in the 
members meeting at a particular joint of a building frame, is presented by 
Mr. Willson. He assumes that there is no side-sway in the building. Under 
loadings where side-sway would occur, his Equation (19) would be incorrect 
unless revised to include this effect. Such revision would seem to lead to a 
more cumbersome expression. 

Mr. Andersen believes that the method of eliminating unknowns sug- 
gested by the writer would immediately suggest itself to one setting up the 
solution of a problem by the slope deflection method. Judging from his own 
experience, the writer is forced to disagree on this point. Mr. Andersen states 
moreover, that, in his opinion, designers do not object to the solution of 
simultaneous equations, Although this may be true, those who pay for the 
designer’s time must certainly have an opposite point of view, especially if 
a large number of unknowns are involved. 


Norn.—The paper by John B.. Wilbur, Assoc. M, Am. Soc. C. E., was published in 
December, 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as 
follows: March, 1936, by Messrs. C. A. Willson, Paul Andersen, and R. W. Stewart ; April, 
1936, by Adolpbus Mitchell, Jun. Am. Soc. C. E.; May, 1936, by Messrs. Fang-Yin Tsai, A. 
Floris, A. W. Fischer, and L. B. Grinter; and August, 1936, by L. T. Wyly, M. Am. Soe. 
Oa OF 
40 Asst. Prof. of Civ. Eng., Mass. Inst. Tech., Cambridge, Mass. 


40a Received by the Secretary September 29, 1936. 
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The necessity of understanding the sign convention fully in using the 
slope deflection method, is emphasized by Mr. Stewart, who gives an excellent 
statement of these conventions. Professor Grinter likewise shows, with 
examples, the conventions which the writer has followed. Both these dis- 
cussions should be of value to those who may have difficulty with this impor- 
tant aspect. The modification of the writer’s method as applied to a building 
frame, which Mr. -Stewart suggests, is of genuine interest. Professor Grinter 
stresses the need of a physical conception of structural problems; and with 
this belief, the writer is in full accord. 

Mr. Mitchell states that office practice should be such that, in so far as is 
practicable, it is self-checking. There can be no dispute on this point. 
Longer methods which have this advantage are often preferable to shorter 
approaches which leave one in doubt as to the accuracy of one’s result. The 
method suggested by the writer, however, is self-checking. It yields certain 
values of R and 6, so that the solution corresponds to a possible deformation 
of the structure. The solution is thus consistent elastically. If the moments 
from these functions are in static equilibrium with the external forces acting 
on the structure, the solution is also consistent statically, and must be correct. 

The equations contributed by Professor Tsai which take into account 
beams of variable moment of inertia, are of value in the general slope deflec- 
tion solution and, of course, aid in the particular technique of solution sug- 
gested by the writer. 

Mr. Fischer raises an interesting problem with respect to the solution by 
slope deflection of a frame with inclined legs. Inasmuch as the treatment of 
this problem as given in certain engineering literature is incorrect, in the 
writer’s opinion, the treatment by Mr. Fischer is valuable. 

The outline of the development of the slope deflection method given by 
Mr. Wyly is excellent, and will be of value to those investigating this 
field. When his discussion is printed in Transactions, with the paper and 
other discussions, Mr. Wyly will add the following after Step (9): The method 
of successive elimination of unknowns in the solution of secondary stress 
problems was used at least as early as 1911 by David A. Molitor, M. Am. Soe. 
C. E.%* Mr. Molitor solved twenty-two equations for twenty-two moments, 
all expressed in terms of the first two unknown moments. 


a By “Kinetic Theory of Engineering Structures,” by David A. Molitor, 1911, pp. 232 
q. : ’ i 2 
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REINFORCED CONCRETE MEMBERS UNDER 
DIRECT TENSION AND BENDING 


Discussion 
By MEssrs. ODD ALBERT, AND D. B. GUMENSKY 


Opp Avsert,” Assoc. M. Am. Soc. ©. E. (by letter).*"—The statements 
made in this paper are correct, but the author has not treated the complete 
problem. There are three general cases in which part of the section is in com- 
pression; namely: (a) Tension steel only; (b) tension steel and compression 
steel; and (c) tension steel and compression steel alike. 

. The author treats only Case (a) in which steel is placed in the tension 
side. This produces a design in which steel acts in tension and concrete in 
compression, and results in some rather complicated diagrams, which involve 
eleven operations for each solution. He also states that, should the inter- 
section of the curves fall outside the limits of the chart, a re-design may be 
necessary. 

The problem can be simplified considerably, and a chart, such as Fig. 12, 
ean be produced with only straight lines, that will take care of all conditions. 

Effective Depth.—Referring to Fig. 2 and taking moments about the center 
of the steel (see Fig. 13): 


T(e—a4 S)— £bak (gE) Cyaan (58) 
2 2 3 


the moment, M;, with reference to the tension steel is: 


Me= 1 (e—a+ 4) BE eB eet sla (59) 
or, Ms = 0560a@ kj fe. Solving for d: 
M,. 
a= be lege aS AS Bc 3 OR oe eae (60) 
VES 


Notrr.—The paper by D. B. Gumensky, Assce. M. Am, Soc. C. E., was published in 
December, 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as 
follows: March, 1936, by Messrs. A. W. Fischer, William E. Wilbur, and F. C. Snow; April, 
1936, by Messrs. Ralph E. Byrne, Jr., Car! H. Heilbron, Jr., F. B. Turneaure, H. H. War- 
rington, William A. Larsen, and B. Kovediaeff ; and August, 1936, by Messrs. A. Floris, 
and David B. Hall. ai 

30 Faculty Lecturer, Advanced Design of Structures, New York Uniy.; Engr., Brick 
Mfrs. Assoc. of New York, New York, N. Y. 

30a Received by the Secretary September 25, 19386. 
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Equation (60) is identical with the beam formula for tension steel only, 
The difference is that the moment, Ms, is taken with reference to the tension 


so as KIS 


bd? 


M. 


Values of 


200 
Values of <a 
Fie. 12.—COLUMN IN BENDING AND TENSION 
steel instead of to the center of the section. Therefore, after the change of 
M to Ms, ordinary beam tables can be used to find the dimensions, b and d. 
Tension Steel—Writing a projection equation: 


apy hoop aid ae ee (61) 
- 
and, solving for As, 
e age 
bkdf, Ty 
Ay SSA ese Ee ae (62) 
r : Teak 
Since NREL = M, : 
2 fs fsjd : 
s =o + .... (63) 
fsjd fs 


The second term of Equation (63) 
is identical with the formula for the 
steel area for a beam with tension steel 


ee 
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only. It must be remembered that the moment, Ms, refers to the center of 
the tension steel. 

Example A-1— Assume the same values as in Example 1, namely, that 
ie 6tpo0. bee = 14 in.) d= 10uans de. =. 2 ins; fe = 800: lb per sq ins 
f= 18 000 1b per sq in. Kh = 188.7; and 7 = 0.867:,, Hence, Ms = 16,530 
<x 144 = 165300 in-lb. Therefore, the minimum depth for the allowable 


stresses will be, by Equation (60): d = \ 165 300 — 9.93 in. 
138.7 x 12 
The selection of 10 in. will correspond to a somewhat lower concrete 
stress. The author gives fe. = 795. The tension steel will be: 
165 300 16 530 


= 1.97, which is correct, although 


18 000 x 0.867 x 10 18 000 
a little higher than the value obtained by the author. 

Plotting the Chart—KEquation (63) indicates that the most economical 
section is obtained by using the maximum allowable steel stress. Therefore, 
it is scarcely necessary that variable steel stresses be introduced on a 
chart. It is better to begin with the allowable steel stress, and to let the 
concrete stress vary. From Equation (59): 


M; _ Sok (: Bk Latico aes Le (64) 
bd? 2 3 
Introducing the quantity, n fe = 12000 (that is, n = 10 for fo = 1200; 
n = 12 for fe = 1000, etc.), Equation (64) yields k = 0.4. Hence, 
Mia Spegeymy, bees USC i ae (65) 
ba 
Also, for & = 0.4, fs = 18000, and As = p bd, Equation (63) yields: 
ip 
18.000 p = 0.20.f. + rere ee (66) 


and if fe is eliminated from Equations (65) and (66): 


15.600 p = = + 0.8667 = eee te es, (67) 


Equation (67) gives the relation between p, Ms, and N. It will be noted 
that this formula represents a straight line, and, therefore, two points only 
are necessary to determine this line. For example, for p = 1%: 


Mein ae DU Df Oe hl oe aie (68) 


156 = 
b@ | 30 bd 


LF 
Hor, Mes 0; N — 180 in Equation (68); and, for N = 0, * Saelpis 
bd z 


These two points connected, establish the line representing p = 1%, ete. 
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Equation (65) demonstrates that the concrete stress varies in direct rela- 


s 


2 


values, and, therefore, that they can be plotted on the right 


tion to the 


side of Fig. 12. These values represent Equation (60) graphically. 
Example A-2.—Referring again to the data in Example 1: As before, 


M, _ 165300 -~ ig7%. Similarly, } oes 
bd 12 x 100 


b.d mi2a@alo 
= 137.7. The intersections of these two lines (see the broken dotted lines in 
Fig. 12) give p = 1.63% and f. = 795, which checks with previous results. 


M, = 165 300 in-lb, and 


D. B. Gumensxy,” Assoc. M. Am. Soc. C. E. (by letter)."*—Many addi- 
tional data and a further development of the subject were brought to light by 
those who discussed this paper. With the advancements made recently in the 
analyses of continuous frames and with the generally increasing scale of con- 
struction, particularly of hydraulic structures, the problem of designing rein- 
forced concrete members subjected to combined stress of bending and direct 
tension is becoming more and more important. ; 

By taking the moments about the tension steel, the problem can be divided 
into two distinct steps: (1) Determining the section to resist this moment; 
and (2) determining the additional steel in the tension face required by the 
direct tension; in case of direct compression, the additional amount is nega- 
tive. This fact was demonstrated very ably in different ways by Messrs. 
Fischer and Wilbur. 

Professor Snow takes the matter of design for compressive and tensile 
reinforcement and presents a complete solution of the problem. In connec- 
tion with this question the writer would like to call attention to the fact 
that the seemingly simple solution of his original Case 1 in Fig. 1 may 
become more complicated 
nl when the direct’ pull is 
dip he a2. Bee = within the section, but 

ie still close enough to the 


au tension steel to produce 
eight = compression in concrete 


outside the farther steel 
layer. This situation re- 
cently presented itself to 
the writer in the inter- 
cae pretation of the experi- 


mental measurement of a 
double reinforced member subjected to a combined stress of direct tension 


and bending. Fig. 14 illustrates this condition which overlaps Case 1. 

Mr. Byrne treats the general problem of a direct stress and bending with 
very gratifying results. Mr. Heilbron, by clever modifications of the original 
charts and formulas, produces a new chart (Fig. 8) that has the advantage of 
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definite intersections and increased general usefulness, as it can be used for 
any value of n. In his brief discussion Dean Turneaure contributes toward a 
clearer understanding of the problem. The “cut-and-try” method of solution 
mentioned by him seems to be favored by many designers. 

The solution and the references presented by Mr. Warrington are of 
interest and were entirely unknown to the writer. Mr. Larsen should be 
congratulated on his elaborate and excellent discussion. His Fig. 9, and the 
charts presented by Mr. Wineland as shown in Fig. 10, should be of great 
interest to those interested in this broad problem. 

The writer wishes to acknowledge his gratitude to Mr. Kovediaeff for his 
discussion and for his assistance in the preparation of the paper. He 
also appreciates the discussion by Mr. Floris and sincerely hopes that the 
comments thus offered will provide a stimulus for further investigations and 
a better understanding of reinforced concrete problems. 

Thinking in terms of the physical action of structures and structural 
members rather than in mathematical terms, is what the designer strives to do. 
Mr. Hall recapitulates the problem of combined stresses in its true physical 
meaning. His discussion illuminates the aspects of the problem not covered 
by other writers, particularly the solution for a minimum total area of steel 
in a member reinforced in both faces. 

The chart constructed by Mr. Albert possesses the advantage of extreme 
simplicity in construction and in use. This method and chart give a quick, 
simple means of designing a new member for a given condition of stresses. 
In analyzing an existing structural member, one would need to resort to “trial 
and error”, or should have a series of such charts constructed for several unit 
stresses in steel covering a range, say, from 1000 lb per sq in. to 25000 lb 
per sq in. 

Acknowledgments.—In closing, the writer wishes to express his apprecia- 
tion of the interest displayed by those who commented on his paper. He also 
wishes to state that the material contained in the discussion represents a 
valuable contribution to engineering literature, and, in this light, his original 
presentation now seems justified. The paper had been prepared in connection 
with the design of hydraulic structures in the Colorado River Aqueduct and 
was submitted to the University of Southern California in partial fulfillment 
of requirements for the degree of Master of Science. 
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TALL BUILDING FRAMES STUDIED BY MEANS 
OF MECHANICAL MODELS 


Discussion 
By FRANCIS P. WITMER, AND HARRY H. BONNER, EsQ. 


Francis P. Wirmer,” M. Am. Soc. C. E., anp Harry H. Bonner,” Esq. (by 
letter).*"—The writers are gratified at the satisfactory verification of their 
results on the part of several who have discussed this paper. It must be 
borne in mind that their intent was not to produce exact quantitative values, 
but only to determine trends of reaction ratios resulting from assumed varia- 
tions in the design of the bents. Agreement with the writers’ results is particu- 
larly noticeable in the two upper curves of Fig. 11, in the discussion by Pro- 


fessor Maugh, and also in the celluloid model tests of Mr. Morrison. Professor, 


Tsai obtains very interesting relations for single-story bents, which are also 
confirmatory of the writers’ results, and Mr. Fischer shows a similar agree- 
ment with theory. 

The failure of total upward .and downward reactions to be equal in some 
cases, as mentioned by Mr. Morrison, is not surprising, since actual readings 
were recorded in all cases without any attempt, arbitrarily, to correct them 
in order to produce the agreement demanded by staties. It is believed 
that, in most cases, the discrepancies will not be great. The model has since 
been improved by the use of positive metal clamps, tightened by screws, 
instead of the wooden joint blocks, and with these the -equality of upward 
and downward reactions is much more nearly obtained in all tests. It is 
interesting to note, however, that, with these metal connections, repetition 
of tests previously made with wooden blocks produces reaction ratios in very 
close agreement with those first found, thus indicating a surprising degree 
of efficiency on the part of the wooden blocks. 

The discussion by Professor Large and Mr. Carpenter is very interesting 
and to a considerable extent confirmatory. It is felt, however, that they have 


Nore.—The paper by Francis P. Witmer, M. Am. Soe. @. E.. and Har H 
Esq., was published in January, 1936, Proceedings. Discussion on this bapen heaiin nese 
in Proceedings, as follows: April. 1936, by Messrs. L. C. Maugh, L. J. Mensch and Gilbert 
Morrison ; August, 1936, by Fang-Yin Tsai, Assoc. M. Am. Soe. C. E.: and September 1936 
by Messrs. George BE. Large and 8. T. Carpenter, Jr., and A. W. Fischer. ; é 

** Director, Civ. Eng., Univ. of Pennsylvania, Philadelphia, Pa. 

*Tnstr, in Mech. Drawing, Frankford High School, Philadelphia, Pa. 

a Received by the Secretary October 14, 1936 
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expected rather too great a degree of exactness in some cases where they find 
what they term “serious discrepancies.” The extension of their study to cases 
with relatively heavy columns is not necessarily contradictory of the writers’ 
results. In subsequent. tests, the writers have found that, when all columns 
are increased in size, but are still kept equal» to each other, the reaction 
ratio will be increased algebraically. Some results in this connection are 
indicated in Table 4.. The last ratio, + 23%, for Case C-2 with heavier 
columns, compares well with + 20% for Case 11-C-2 in Table 3. 


TABLE 4.—Comparison or Reaction Rartos 


Case Reaction Ratios, pt 

Ro 

Relative column areas... 0... se te cece bee c ee cee n eee ete 1 2 

Relabiy-erm ontents: OL Mertens) «cis oye leis = sac ole ans sel Gas ere oT eis 1 8 
PARLE miata Re kL aia Rice 6 asta) fae & —15% 0% 

© aie Wels ls ele ted os bees aes ce tee ‘0 

Goes +76% +92% 
Ny pee NR RROD, We PN etienc SE Ns Ad oa icnaitersce sbi ctace, ¥ hay ohoNe Tale 0% +23% 


Professor Large and Mr. Carpenter state that, in computing the stiffness 
of the members, reduced lengths of girders (“Spurr lengths”) were used 
instead of center-to-center lengths, as they ordinarily “gave results nearer 
to experimental values.” ‘In their original report” they state that the use of 
“eenter-to-center lengths of members in computing stiffness corresponds more 
nearly to the actual performance so far as girder shears are concerned.” 
These two statements appear to be contradictory. The improved metal con- 
nections used by the writers in their later tests approximate closely the 
center-to-center length relation, whereas the original wooden blocks caused 
a reduced length of all members. The close agreement in results obtained 
with the two types of connections made it appear that the reaction ratios were 
not greatly affected by the shortened lengths. If further model study could 
demonstrate that this is true, the use of center-to-center lengths would greatly 
simplify the determination of reactions. Of course, reduced lengths are 
necessary in computing moments in girders. 

The writers would not expect their conclusions to apply to relations not 
reasonably within the range comprehended in their tests. Considerable 
inerease in the size of columns might naturally call for some modification. 
They believe, however, that the qualitative trends which they endeavored to 
determine have been well substantiated by the various discussions. 

The reference by Professor Large and Mr. Carpenter to the impropriety of 
applying “20-story methods to 50-story towers”, of course, is unquestioned, 
as is also the proper consideration of deflection in the case of tall towers. 
The writers’ models, in some cases, had a height-to-width ratio as great as 
8.7 to 1, and were thus properly in the tower class. The number of stories 
is not so significant as the height-to-width ratio. No attempt was made to 


“Pests and Design of Steel Wind Bents for Tall Buildings,” by George Bor Large, 
Assoc. M. Am. Soe. C. BH., Samuel T. Carpenter, Jun. Am. Soc. C. E., and Clyde T. Morris, 
M. Am. Soe C. E., Bulletin No. 93, Appendix, Eng. Experiment Station, Ohio State Uniy., 
Columbus, Ohio. 


1428 WITMER AND BONNER ON TALL BUILDING FRAMES Discussions 


determine whether considerations of deflection should demand one method 
of computation rather than another in order to maintain a Maximum 
degree of economy. The purpose was to ascertain the facts as to how frames 
of certain assumed proportions will naturally behave and what kind of modifi- 
cation is necessary to compel them to behave in a certain predetermined 
manner. The question of economy consistent with strength and stiffness is 
a compelling one, of course, but the relations among these three essential 
factors were not considered as a part of this study. 

With regard to Conclusion (1) of the paper, the writers have subsequently 
shown that, for any bent of the type under consideration, for which both 
girders and columns are of the proportions required for vertical floor loads 
(assuming girders to be non-continuous and neglecting effect of column dis- 
tortion from direct wind stress), the following relations are generally true, 
regardless of the number of columns, the number and height of stories, the 
length of girders, and the values of horizontal forces at the different floors: 


(1) Girder moments are equal at both ends of any girder; 

(2) Girder moments are proportional to their length; 

(8) Girder shears are equal in all girders of any floor; and 

(4) Direct stresses and vertical reactions for all interior columns are 
equal to zero. 


These conditions were practically fulfilled for two assumed cases, applying 
Equations (10) to (17), inclusive, in the discussion by Mr. Mensch.”? 

Thus, assuming Lo = 1; Li = 2; and h = 1, Equations (12) to (16), 
inclusive, become: 
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Relation 4 was also practically fulfilled by the second model test reported 
by Mr. Morrison, and by Case A-le of the paper, although in proportioning 
the frame for this latter case the writers did not have in mind the fact that the 
areas of the columns were proportional to those required for vertical floor 
loads. In these two cases the moments of inertia of columns were not in 
proportion to their areas, but the resultant reaction ratio in each case was 
approximately zero, thus practically agreeing with the portal theory. 

The probability of such relations as those in Equations (41) and (42) 
was indicated by experimental results and recorded in the Fifth Progress 
Report of Sub-Committee No. 31 of the Structural Division, on Wind-Brac- 
ing in Steel Buildings”, the proof being given in a discussion of the report.” 

These relations are in exact agreement with the fundamental portal theory. 
It is thus interesting to discover that this theory has the backing of mathe- 
matical proof in the case of wind action on bents proportioned for vertical 
floor loads in the manner described in the aforementioned report.” The eco- 
nomic aspects of this conclusion would seem to be of considerabie importance. 

It is further of interest to note that if girders are assumed to act con- 
tinuously, the interior column loads will be relatively increased and the other 
loads decreased, but an allowance for weight of outer walls will increase outer 
column loads and thus tend to offset the continuous girder effect. Under 
these conditions the relation between column loads across the bent will tend 
to approximate that for vertical floor loads alone with non-continuous girders. 


28 Proceedings, Am. Soc. C. E., March, 1936, pp. 410-411. 
“7 See p. 1496. 
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MODERN CONCEPTIONS OF THE MECHANICS 
OF FLUID “TURBULENCE 


Discussion 
By Messrs. WARREN E. WILSON, AND THEODOR VON KARMAN 


Warren E. Witson,” Jun. Am. Soc. C. E. (by letter).““—In presenting a 
useful summary of many of the modern developments of fluid mechanics the 
author has performed a valuable service to the Engineering Profession. 

In the analysis of data on flow in open channels the Reynolds’ number has 
been used to some extent and is expressed thus, 


SNS 


Vv 


R (91) 


in which the nomenclature is that of the paper. The author quite rightly 
questions the use of the hydraulic radius in this case. 


The success which has been reported in such usage may be due in part at .. 
least to the fact that most experimental work on open channels covers a com-.__ 


paratively limited depth range... Furthermore, most experiments have been 

conducted with a small depth- width ratio, thereby giving a flow which approxi- 

mates that in an open channel of infinite width. 

Sandee VE, 
Rg v 

as ordinates and abscissas, respectively, on logarithmic paper. The results 


obtained for several sets of experimental data, notably those of Darey and 
Bazin, indicate an equation of the form: 


9 n 
ee (4) wei (92) 
Rg v ‘ 


However, if one were to plot a series in which the depth-width ratio varied 
over a range, such as 0.1 to 1.0, it seems entirely probable that the foregoing 
simple relation (Equation (92)) would no longer hold. 


Lindquist has suggested“ plotting the dimensionless quantities, 


Notre,—The paper by Hunter Rouse, Assoc. M. Am, Soc, C, E., was published in 
January, 1936, Proceedings. Discussion on the paper has appeared in Proceedings, as 
follows: April, 1936,: by Chesley J. Posey, Jun. Am. Soe. C, E.; May, 1936, by Messrs. 
S. Franz Yasines, Benjamin Miller, and Ralph W. Powell; and August, 1936, by Joe W 
Johnson, Jun Am. Soe, C. 

“Instructor, Civ. nie, South Dakota State School of Mines, Rapid City, S. Dak. 

“a Received by the Secretary September 29, 1936. 


“ “Hydraulic Laboratory Practice’, by the lat h 
Ug ae, ab ny Boe aie, y e John R. Freeman, Past-President and 


——— ed 


November, 1936 von KARMAN.ON MECHANICS OF FLUID TURBULENCE 1431 


With small values of the depth-width ratio, the problem involves wide 
channels approximately similar, geometrically. With successive cross-sections 
of a stream in a series covering widely differing values of the depth-width 
ratio there are channels that do not even approximate a similar cross-section. 
In a wide channel the bottom shear is by far the predominant retarding 
force. In a square cross-section the effect of side-wall shear is of the same 
order of magnitude as that of bottom shear. 

For wide channels the ratio of unit shear on the bottom to that on the 
sides may be nearly the same throughout a series of experiments. Such is not 
the case if the depth-width ratio is increased to any great extent, thus 
leaving the range of wide channels. 

It is impossible, therefore, to express the unit shearing stress at the 
boundary as a simple function of the velocity and, until a completely satis- 
factory theory of turbulent flow is available, an experimental approach to 
the problem seems in order. A determination of the distribution of shearing 
stress in the boundary surface as a function of the depth-width ratio would 
provide useful information for a further analysis of the flow in open channels. 


Tiropor von KArmAn,” M. Am. Soc. ©. E. (by letter).“*—It appears that 
this paper has two main objectives: First, to present the results of a series 
of experimental and theoretical investigations on the mechanism of turbulent 
flow to practical engineers; and, second, to suggest the use of rational 
formulas resulting from those investigations in design problems. 

As far as the first objective is concerned, even the most practical engineer 
will agree that a better understanding of the underlying phenomena is useful 
also for the practical work. The only question is, whether in some eases total 
ignorance of some facts is not better than half-knowledge. Authorities dis- 
agree, however, on the second point. The writer has often been asked: “Are 
the new formulas free from any empirical element—that is, empirical assump- 
tions and empirical constants? Why not use purely empirical formulas which 
have been carefully adjusted to the real conditions by experimental determina- 
tion of the coefficients involved?” From a very competent source the writer 
learns that the formulas used for fluid resistance in actual practice are so 
exact that predictions agree with final results within 3 to 5%, whereas, 
unavoidable changes in the condition of the structures cause even larger 
differences. 

Assuming that this statement is correct, nevertheless it appears to the 
writer that the rational formulas have at least three strong points: 


First.—The rational formula is always dimensionally correct. This means 
that, in so far as the underlying assumptions are satisfied, it will give correct 
results independent of scale, absolute magnitude of speed, etc. Quite a few 
of the empirical formulas used in hydraulics are dimensionally incorrect. It 
seems that their success is based on the fact that experienced engineers use 
them only within a relatively narrow range. 


45 Director, Daniel Guggenheim Aeronautical Laboratories, California Inst. of Tech- 
nology, Pasadena, Calif. 
45a Received by the Secretary October 30, 1936 
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Second.—Empirical formulas are good for interpolation, whereas rational | 
formulas offer a fair chance for extrapolation. There is no reason why ani 
empirical formula will give correct results beyond the limits of actual experi-- 
ments. If, for instance, the friction coefficient, which is supposed to be at 
function of Reynolds number, was found, within a certain range, proportional | 
to a certain power of that number, there is no justification to continue this; 
law beyond the maximum Reynolds number used in the experiments. It is a 
common experience that almost every empirical function plotted in a suitable: 
chosen scale on a logarithmic paper appears as a straight line within a small | 
range. The theoretical formula for fluid friction in a smooth pipe suggested | 
by the writer and given in the paper is deduced under the assumption that | 
the influence of viscosity is negligible, except within a small range near the ; 
walls. Hence, it is probable that the formula will agree with the facts more | 
and more, the larger the Reynolds number corresponding to the actual 
construction. 

Third—The theoretical formulas facilitate the transfer of results from 
one field to other related fields of research. Fluid friction and heat transfer 
in fluids are good examples for this point. Both phenomena are affected by 
the same mechanism of the turbulent flow. The problem of heat transfer is 
much more complex than the problem of friction. For instance, the friction 
coefficients for a smooth plate is a function of one parameter (Reynolds 
number) only, whereas the heat transfer depends on two parameters—namely, 
in addition to the Reynolds number, the ratio between the heat conduction 
coefficient and the product of heat capacity and viscosity. Hence, the flow 
conditions in oil and water will be similar if the corresponding Reynolds 
numbers are the same; but the heat flow will be different due to the relatively 
much smaller heat conduction coefficient of the oil. For this reason the heat 
transfer problem appears confusingly complicated from the standpoint of 
pure empirical research, and very elaborate series of research work in the past 
have yielded only information relating to a small section of the entire 
problem. 

The use of the results of the turbulence theory determines the general 
shape of the heat transfer formula, indicates the manner in which the 
Reynolds number will enter into the formula, and reduces the problem to 
the determination of one single function of one variable which is the ratio. 
involving the aforementioned physical constant. In a similar manner the 
writer believes that the turbulence theory and the use of its results will 
facilitate the systematic solution of many other complex problems, as, for 
instance, that of silt transportation, which is now the center of interest. 


For the reasons presented herein, papers such as that by Mr. Rouse are 
extremely useful, also, from a merely practical standpoint. The difficulty is 


to decide at which stage a certain theory is ripe enough to be injected into 


the pulsating veins of engineering routine practice. Handicapped, perhaps, 
by the fact that he had some opportunity to work on the theory presented, the 
writer has been somewhat cautious about making such a proposition. How- 
ever, the results obtained in aeronautical practice, with the corresponding 
skin-friction formulas, are so satisfactory that it now seems to the writer that 
the introduction of rational formulas in hydraulics should be encouraged. 


eee 


Be viEPRICAN SOCIETY OF CIVIL ENGINEERS 
Founded November 5, 1852 


DISCUSSIONS 


nn 


ANALYSIS OF VIERENDEEL TRUSSES 


Discussion 


By Messrs. L. J. MENSCH, A. A. EREMIN, LEON BLOG, 
A. W. FISCHER, AND L. C. MAUGH 


L. J. Menscu,* M. Am. Soc. C. E. (by letter).““—From his splendid 
analysis of open-web trusses and bents Professor Vierendeel developed prac- 
tical design formulas which relieve the structural engineer from the necessity 
of deep thinking when designing such structures. Why then has this practical 
method been ignored by American engineers, and by many European engi- 
neers? Professor Young’s paper gives an answer to this question. The analy- 
sis is difficult to follow; there is a bewildering number of unknowns shown 
in Fig. 2, and in Fig. 5; in the absence of adequate explanations the directions 
of the unknown moments and shears are difficult to trace; and the reason for 
Aa being zero is rather difficult to find. The most serious obstacle to the proper 
understanding of the analysis is the omission of diagrams showing the defor- 
mation of the truss members under the assumed loading. The fact that 
Professor Young begins with a rather difficult case is another impediment. 

The object of this discussion is to make it easy for the young engineer to 
grasp Professor Vierendeel’s thoughtful conception by describing step by step 
how the simple open-web truss with symmetrical parallel chords deforms. 
Fig. 11(a) shows the typical deformation of every member of such a truss or 
bent, and the reader who has followed the latest discussions on wind-bracing 
bents will be surprised by the coincidence of the deformations. On account 
of the symmetry it is not difficult to see that the point of contraflexure of the 
web members must be in the center of the spans. As a rule, the points of 
contraflexure of the chords will not be in the center of the panels, but will 
be near the support or free ends, farther from the end than the center line of 
the panel, and will be found farther to the left in the panels near the center 
line of the truss or near a fixed end, as will be shown in detail subsequently. 

Fig. 11(b) shows part of a half truss cut along the horizontal center line. 
Tn order to re-establish equilibrium it is necessary to apply, at each point of 


Norr.—The paper by Dana Young, Assoc. M. Am. Soc. C. E., was published in 
August, 1936, Proceedings. This discussion is printed in Proceedings, in order that the 
views expressed may be brought before all members for further discussion of the paper. 

18 Cjy. Engr. and Constructor, Chicago, Ill. 

13a Received by the Secretary September 3, 19386. 
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contraflexure of the web members, one-half the force acting at each panel point, 
this force being in the direction of the web member; and in order to prevent 
confusion in the signs of these forces, all forces, P, have been assumed to act 


Points of Contraflexure 
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Fig. 11 
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in the same direction as in a wind-bracing bent. At the same points of contra- 
flexure in the web members it is also necessary to apply the shear forces, 
H,, H», Ha, ete., in a direction such that they will cause a curvature of the 
web member, as shown in Fig. 11(a). 

By inspecting Fig. 11(b) ‘one can readily see that all longitudinal forces 
and bending moments in each member may be found, after the statically” 
unknown forces, H,, H», etc., are known. The assumption that the longitudinal 
deformations of the chord members are so small that they may be neglected 
safely, leads peremptorily to the conclusion that the distance between the 
points of contraflexure of the web members is the same after, as before, 
the deformation of the truss. : 

At a section, k, an infinitesimal distance from Point a in Fig. 11(b), the 
left part of the truss or bent will exert the following forces and moments: 

a—1 


A longitudinal compression = H, + H, = > H; a shear in an upward 
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(which in the author’s notation is designated, 4 Ma); and a left-hand moment 
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Fig. 12 shows an exaggerated picture of the deformed half-panel, a-b. 
If the deformation of the chords may be néglected, one may assume that 
m-o = m’-o’. The lines, b’-0o” and a’-m”, are drawn at right angles to the tan- 


gents at the chords at these points, and a’-m’” was drawn parallel to b’-o”. 


ion] 
in- 


Fig. 12 


Angles 64 and 6 are the rotations of the chord at a’ and D’, respectively, 
and 6, — 6» is the change of angle of these rotations due to the moments 
acting in the chord, a-b, which may be found by the well-known formula: 


b 
oy ee = Di, da fey seehe cll A (92) 


c a 
in which UV is the moment acting at any point distant 2 from Point a. 
The expression for M is found by adding to the moment acting at Sec- — 
a—1 


tion k: (a) The moment from the shear force acting at k, or 3 > de 
2 
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(b) the moment from 4 Pa, or $ Pax; and (c) the moment from Ha, or 4 D Ha, 
which acts in the opposite direction. Moments (a) and (b) may be contracted 
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a 
In the author’s notation, > Pel ands 
1 


“= 


a 
04 — 02 = : Ly,— PLS +t ve nae (95) 
Pee 2 < g 2 


For the movements, o’-o” and m’-m”, the author gives the correct values in 
Equations (2), and the elastic equation which enables one to find the indeter- 
minate values of the horizontal shear forces is obtained by, 


m'-m" = mm!" ae mm’ — = D (04 es ce) = 0’-0"" Sa (96) 


wt 


d-o” being equal to m’-m’” by inspection of Fig. 12. Substituting Equa- 
tions (2) and (95) in Equation (96): 
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In the rare case in which Jg = J, = Ic, Equation (97) reduces to: 


LN 6L L 
H =H,+6— SH—-—M 3 25 
b D D a D? b overaiee (98) 
which is exactly equivalent to Equation (11), since Mp = Ma + L Van. 
Professor Vierendeel simplified Equation (98) by introducing the moment 
of the exterior forces about a point exactly midway between a and b, which he 


called M’a, and which equals Ma + $ L Va», and Equations (11) and (98) 
reduce to: 


a 
; L 6 L M? 
H, = H,+ 6 — — e 
»=Hi+6 > H ea: sae (99) 


For the more practical case in which the moments of inertia of the various 
members are different as long as the J-value of the chords in each particular 


panel are alike due to the assumption of symmetry, the writer has used the 
equation: 


which he derived from Equation (97) by introducing the relative stiffness of 
the web member to the chord in Panel ab: 


The writer remembers that, when he first studied Professor Vierendeel’s 
., analysis, he had some difficulties with the statement that H is to be set to 
zero at the base of a fixed bent, even where no shear member exists. Fig. 12 
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shows that, in this particular case, Point o” returns to Point 0’; Point m’” 
returns to Point m’; and Equation (96) must be replaced by: 


The first term is, again, Ha Dt , and the second term is given again by 
a 

Equation (95). Therefore, it is clear that the term of H» must really be 
set equal to zero in Equations (11), (97), (98), (99), ete., when it is used in 
the lowest panel of a fixed bent even where no web member exists. 

Another difficulty encountered by students when they first try to apply 
this analysis occurs at the base when the ends are hinged; the solution is easy 
as the sum of all H-values must be equal to the reaction, which, in this 


particular case, is given by a Often, there are solid walls as web members 
at the support of-open web trusses. This case, also, is easily solved by omitting 
the first term in Equation (97), I< being many hundred times larger than Ip. 

American engineers should be vitally interested in Professor Vierendeel’s 
analysis as it is the quickest method known for finding the moments and 
shears in the top and bottom stories of a wind-bracing bent, in which the 
points of contraflexure of the columns may not be near the middle of the story 
height or may be entirely absent, as shown in Fig. 11(a) in the panel near 
the center line of the truss. To illustrate, let Fig. 13 represent a six-story 


Fig. 13 Fig. 14 


wind-bracing bent. A force, P, is acting at each floor and the assumption is 
made that all columns have the same length, L, and the same moment of 
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inertia, Z,, and that all girders have the same moment of inertia, Ig. Equa- 
tion (100) becomes, 


Hy = Ha + 6n SH—6 * M', ict ee (103) 
1 
When the relative stiffness of girders and columns is n = 4, for example, 
a 
Hy = He+3 pH = M fae c's: (104) 
1 


The values of M*, for the various panels from the top down are easily found 
as PL times 0.5, 2, 4.5, 8, 12.5, and 18, and one can write the elastic equa- 
tion as follows: e 


Hess Hed 2H ele ep ae (1052) 
2D D 


2 
and, H= bet PL, 
> EAN a 
Hy=1,+3(sH,—1522) SFL ign, 2 = . (1056) 


3 
and, SS = 24H, — 13.5 oe; 
1 


ae 3 (24 He 13.57%) — 3x 4572 = 91 H, — 662 (105¢) 
3 D 


i 
and, t= 115 H, — 79.5 ae 
1 


“D 
H,=#H,+3(1158,—79.524)\— LL. PL 
Ap 179.5 )—3 x8 Y= 486. — 328.572 (1054) 


5 
and, Ss H = 551: H,— 40g £2 
1 


D , 

Thee 3( 56 H,— 40372) 3 x 12.52 2 2099 H, —1590PZ 1056) 
D D Dr 

and, SH = 2640 H, — 1998 ele Sends 
D 


Hy = 0-H, +3 (20001, —1008 FL) _ 5 x 19 PL 
D 


= 10009 H, — 7638 PL 
D 


a 
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’ Whence, 
PL PL 
IED [A ODS ea OR OB DL Sienna ous tls 1 
, 10 009 D D Spee 


Substituting Equation (106) in Equations (105a) to (105f), the other 
indeterminate shear values, H2, H:, etc., may be found quickly. 


Values of H ( be multiplied by Fz) in a six-story bent, for ratios of 
n = +5, 4 4, and 1, are given in Table 1. 


TABLE 1.—Vatvues or H 1y TrerMs OF r* 


Relative peep ers A, Hy H,; Ay Hs He 
Reseccretiiaye: layers piebect wate Se 1.282 75 .38 
3 Pingiaisicicise\cleia'siateeo ets 1.09 1.68 2.45 yt A 3.56 3.01 
Paria cisinle jee. sue'S\¢19ne%e 0.76311 1.55 2.50 3.45 4.20 4.14 
enna I yea 0.64545 1.52 2.50 3.48 4.34 4.20 
Common theory........-- 0.50 1.50 2.50 3.50 4.50 5.50 


Se 

Tt will be interesting to compare the shear values found by Professor 
Vierendeel’s analysis with those computed by the common theory which is 
based upon the assumption that the point of contraflexure of the columns is at 
the mid-story height. Fig. 14 illustrates this assumption and by taking 
moments about the juncture of column and girder the following statical 
equations may be written, from the top downward: 


auipix Wi hes Fy 3c} LD fob eb oe 
2 2 2 2 D 
ee a le a x Dy or, Hy = 8 
2 2 2 2 9 D 
2x Px eis Onl Peal ere: Seiten. ork Hj ob ae 
2 2 2 2 2 D 
gxiPx ep wiry or, Se Ds OF, By a Oe 
2 2 2 2 2 D 
4 By as ey Leia Lp oo Be 
2 2 2 2 2 D 
and, 
1 PL 


pak pxtpeasx Ap. bas Box. =D; of, B= 5.5 
2 2 2 2 2 D 


Comparing the values given in Table 1 it will be noted that the shear, H,, 
for the top girder is entirely too small as derived by the common theory, 
whereas H, computed by the common theory nearly agrees with the values 
found by this analysis for n = } and 1 and is only 16% at variance for n = +5. 
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For H;, which is only two panels down from the top (a point of singularity), 
the agreement is quite remarkably close. The great variation of stiffness has 
scarcely any influence on the value of H, and it is quite permissible to compute 
it by the common theory. Another point of singularity is found at the bottom 
of the structure where the discrepancies in the shear values of Hz. are as 
great as for H, at the top. The irregularity at the bottom extends for three 
panels in the case of n = +; and n = 4, and for two panels or even only 
one panel, in the case of n = 4 and n = 1. 

It is interesting to compute the moment at the base of the columns for 
the case, say, of n = 1,. The sum of all H-values is found from Table 1 to 


be 13.83 deh , whereas the moment of one-half the exterior forces about the 
D 


base is 10.5 PL; that is, the moment at the base: 


Mo 105 PLES D x 13.83 = = 3559 PL: .. 42 ontl0m 


which is very much larger than the value of 6 x 4 P X 4 L found by 
inspection of Fig. 14 by using the common theory. 

The shear at the base being only 3 P, it requires a leverage of more than the 
story height to produce a moment of 3.59 P L. Therefore, there is no point 
of contraflexure in the lowest story for this particular case (n = +1). 

From the foregoing considerations it follows that, in a tall building bent 
with many stories, the shears in the girders (except, possibly, two stories at 
the top and two to six stories at the bottom) may be computed by the com- 
mon theory; that is, by assuming ideal hinges in the columns at their mid- 
story heights. For the computation of H, and H, the writer uses the following 
short-cut: Write the elastic equations for H, and H; by using Equation (103) ; 
then compute H; by the common theory; and equate the two values. For 
example, in the case of the six-story frame, shown in Fig. 13, for n = 4, 


Equation (1056), H; = 19 H, — 12 7. » which must be equal to the value 


Of.H, — 25 -~ found by the common theory as given in Table 1. There- 


fore, 2.5 ao = 19 H, — 12 PL ; and H, = 0.763 PL. which is nearly the 
D D D ’ 
same as the value given in Table 1. 
For computing the girder shears in the lowest stories of tall bents (say, 
of 50 stories), the following procedure will save considerable time: At each 
point of contraflexure of the columns, just above the fifth story (see Fig. 15), 


apply one-half the wind load (namely, 45 F) and then write the elastic 


equations of the type of Equation (103). Assuming that n = jy, Equa- 
tion (103) becomes: 


me 
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and the values of M”, for the various stories from the fifth story down, are 
found as P L times 45.5, 92, 139.5, 188, and 237.5, respectively, or, 


i, =p + 0.6 Hy — 0.6 % 45.5 =. 6H 27 8 22 eda) 
D 


via ee 0.6(2.6 e973 Fr) _ 06x92 24 
D D 
= 3.16 H, — 98.88 ze Rind ally en ROO (1098) 


Heein = 006 (5.76 H, — 126.2 =) 0 6 139.5 
D 


RG RP Sot O88 aoe een erate (109¢) 
D 
Fees 40:6 (12.876 A, 334.5 22) — 0.6 x 19324 
D D 
Pou 2601.6 aN de PORE, (1094) 


and, 
0], — HH; 0.6 (28.42 H, — 985.1 Fr) —= (U0 $< Bab = 


ee, 


= 29.9 H, — 1335.2 rk Ee ER oh eee (109e) 
Hence, 
Pastore Pee (110) 
29.9 D 
Equation (110) substituted in Equations (109) results in: H, = 44.1 te 


Hes 421 as i gg EL. chanel, Jah == 9462, By the common 
D D D 

theory, the shear for the fifth floor girder is obtained by the equation, 

Hx$¢D=225PxX4L+ 289 xX 4 L; or, 


which varies only by 2% from the value in Equation (110). 

The study of the two-column bent may be safely used in estimating the 
shear values in the girders of the upper two stories and those of the lowest 
two to six stories of a bent with three, four, or more columns. For this pur- 
pose an estimate of the column shears of the outside columns must be 
obtained by any valid method, such, for example, as the writer has indicated 
elsewhere.** Twice this shear must be considered as the load on the two-column 


14 Journal, Am. Concrete Inst., February, 1932; and Proceedings, Am, Soc. C, E., Apri, 
1936, p. 615. 
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bent and the girder shears may be computed for the irrgular panels at the top 
and bottom, as shown previously herein. 

The shears thus found in the girders will differ from those found by the 
common theory, and the shears in the corresponding girders of the inside bays 
may be changed in the same proportion, provided there is not too great a 
change in the value of the corresponding value of n. Some objections may be 
raised to the use of the formulas for a symmetrical two-column bent to the 
case of a bay cut from a regular wind-bracing bent where the two columns 
may not be of the same stiffness. The writer has studied, thoroughly, the two- 
column bent with columns of different stiffness (the unsymmetrical bent), 
and has found that, except for the top and bottom stories, the following 
relation holds: 


Ringe (Or ty ir) 
eS ebm 


in which X, is the shear at the left column; X, is the shear at the right 
column; n’ is the relative stiffness between the girder and the left column; 
and n” is the stiffness in relation to the right column. From Equation (112) 
one may observe at once that the shears in the columns will vary only a little 
when the values of n’ and n” are small, even where they differ from each other 


by as much as 100 per cent. For n’ = 4 and n” = = = 1,022, from 
which it may be concluded that no great errors will be rade: in most cases of 
unsymmetrical frames when a corresponding symmetrical frame is analyzed 
first and the possible variation is studied later. 

For end conditions the factor, 6, had better be replaced by 1 in Equa- 
‘tion (112). If the author is correct in stating (see heading “Special 
Approximations”) that Professor Vierendeel uses the assumption: 


then the writer is convinced that Professor Vierendeel’s students did not 
accept his analysis seriously or they would have analyzed many examples and 
would have found that Equation (113) “falls far from the mark”; although 
it does not seem to effect the results in Example 4 of the paper. 

Professor Young’s paper is an important contribution to American litera- 
ture on structural engineering. However, it is no improvement on the 40-yr 
old method introduced by Professor Vierendeel. In fact, many of his practical 
simplifications have been omitted. The paper deserves the earnest discussion 
of the keenest talent in the United States because this analysis is sus- 
ceptible of great simplification to the vast benefit of structural engineers, 
especially at this time when arithmetical methods are lauded as being prefer- 
able to a clear understanding and scientific processes. 

Of course, Professor Young’s analysis is not “exact” even in his own sense. 
He does not say whether clear spans or center-to-center spans should be used 
in the calculations and there is certainly a difference of at least 20% from 


this source alone, in most cases. There are considerable “roundings” at all the 


—— 
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junctures of web members and chords, and they may change the results 5 to 
10 per cent. If to this is added the serious error made in all textbook rules 
for the design of members subject to combined loading (which are often 50% 
in error), it is quite probable that an investigator who tests a model to 
destruction which has been designed by Professor Young’s “exact” method 
may find it 100% too strong and will declare Professor Young’s method a 
“safe” guide. 

Fig. 16 shows a 100 000-gal sprinkling tank on a 80-ft tower, built in 1911 
for the Chicago City Railway Company, Chicago, Ill., and Fig. 17 shows one 


Fie. 17—View SHowine ONE OF SEVERAL 
KLING TANK ON 80-Foor Townr, CHI- OpEN-BENT STRUCTURES, CoAL-BIN OF 


Fic. 16—Virw or 100000-GaLLON SPRIN- 


-" PAC E City, ILL. 
caGco, ILL. 1900-Ton CAPACITY, GRANIT 7 


of several open-bent structures (a coal-bin of 1900-ton capacity, 142 ft high) 
built for the St. Louis Coke and Chemical Company, in 1919, at Granite 
City, Ill. The latter is probably the most unusual Vierendeel type of struc- 
ture ever built. A large number of open-bent structures have been built in 


the United States. 
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A. A. Eremin,” Assoc. M. Am. Soc. C. E. (by letter).**—Although little 
has been written on this subject in English, the distribution of stresses in 
Vierendeel trusses has been studied extensively abroad. An exact computation 
of these stresses is a forbidding task and, therefore, various simplified 
methods of computation have been developed. The advantage of a Vieren- 
deel truss is that, for all practical purposes, stresses can be computed with 
reasonable accuracy for assumptions as to distribution. 

The method described by the author is not simple, although it can easily 
be simplified. For example, in the case of a Vierendeel truss with parallel 
chords and constant moment of inertia, Equation (11) may be written: 


LYN L 1 
Hoe es 62 He 622 (MM, 4 eee 114 
a tas0! Sno (ase Live) 008 


The bending moment, Map, due to external forces carried by the truss, taken 
at the mid-length of Panel ab, may be written: 


Substituting Equation (115) in the last term of Equation (114): 


a 


L L 
Bega tin Oia 8 ave mee ra (116) 


It is evident that Equation (116) requires less computation than Equa- 
tion (11). It may also be noted that Equation (116) is exactly the same as 
that developed by Dr. F. Gebauer™ prior to 1907. 

Computation for this case may be simplified further by assuming that 
points of contraflexure in all members are at their mid-lengths, as shown in 
Fig. 18. In Fig. 19 the verticat member at Joint b is shown, with the forces 


Fig. 18 Fie. 19 


acting at the points of contraflexure. Stresses indicated in these diagrams 
may be determined by statics. Using the author’s notation, direct stresses 
in the chords are: 


** Assoc. Bridge Designing Engr., Div. of State Highwa: 8S i 
sa Received by the Secretary September 14, 1936. . tia aa soa 
16 Beton und Hisen, 1907, p. 252. 
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The shear stresses, V’ap, at the points of contraflexure in the chords at 
Panel ab are: 


The shear stresses, Hy w, at the point of contraflexure in vertical members 
at Joint b are: : 


Abw — Aae + HG, Cc (119) 


The direct stress, gow, in the vertical member at Joint b is, 


The sum of the bending moments at the ends of members meeting at any 
joint is equal to zero; thus, for Joint b at the upper chord, an expression may 
be written (see Fig. 19): 


V'w 2 1-1 Vine pet Hyw DAR GV Saeed (121) 


9 2 
Equation (121) may also be used for checking the computations. 

Referring to Example 1 of the paper, the shear stress at the end vertical 
member computed by means of Equation (117) is, Hiw = 750 lb; likewise, 
How = 1000 lb. Therefore, it is evident that the shear stress at the end 
vertical member computed by means of Equation (117) differs slightly from 
that computed by Equation (11). The error increases toward mid-span, but 
will be less in Vierendeel trusses with a large number of panels. Further- 
more, there is generally a greater factor of safety in verticals toward the mid- 
span, due to architectural requirements that vertical members be uniform. 

If, in Vierendeel trusses with parallel chords, the moment of inertia of the 
upper chord is J+, and the moment of inertia of the lower chord is Ip, 
the assumed distances of points of contraflexure in vertical members to top 
chords are: 


Equation (122) is similar to the formula for locating points of contra- 
flexure developed by Professor R. Saliger.” 

In the case of a Vierendeel truss with a curved top chord and straight 
bottom chord (see Fig. (5a)), a limitation of the author’s method is that 
the true values of a and 8 can not be computed. In practice, the values of 
a and £ differ slightly from unity. Furthermore, the probable error in the 
computation of the stresses (even with the help of modern mechanical caleu- 
lating machines) is always greater than the difference between the true values 
of a and and the values assumed. This is especially true in the case of 
Vierendeel trusses with a large number of panels. 


17 ‘‘Der Hisenbetonbau”, 6 Aufi., Leipzig, 1933. 
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Equation (54) is reasonably simple and may be used for the general cases 
in practice. However, the computation of the moments, Mw, and the shear 
stresses, V’, may be simplified. Assume that the points of contraflexure are 
at the middle of the vertical members and that the shear stress, Hw, is 
applied at those points. Then, the maximum bending moment, Maw, in the 
vertical member at Joint a, is, 


Mik Ha Sea ie nea eee ETS 
2 
In Example 3 of the paper, the moments in the vertical members as 
computed by Equation (123) are: Mw = 601.96 K 2 = 1 2038.92; 
Me = 366 X 4 = 1464; My = —10 X 5 = —50; Maw = — 262 X 4 
= 1048; and, Msy = — 411 XK 2 = 822. 


The shear stress, V’, may be computed from Equation (48a), assuming 
a = 1; thus: 


Shear stresses computed by Equation (124) are: Vx = 4 (600 + 0.4 
xX 600) = 420; V’. = 4 [600 + 0.2 x (600 — 369)] = 396.9; V’n = —4 (400) 
= — 200; Vu = — 4 [400 + 0.2 (409 + 287)] = — 269.6; and V'e 
= — ¢ [400 + 0.4 (409)] = — 281.8. 

It is evident that the moments and shear stresses determined by Equa- 
tions (128) and (124), respectively, differ slightly from those computed by 
Equations (75) and (77) of the paper. The labor involved, however, is 
considerably reduced. The author is to be congratulated for his valuable and 
interesting contribution. 


Leon Bioc,” Assoc. M. Am. Soc. C. E. (by letter).“*—Formulas for analyz- 
ing several of the more familiar types of Vierendeel trusses are presented in 
this paper. As the largest part of the paper is devoted to the analysis and 
solution of problems dealing with the case of an inclined upper chord, the 
writer has confined his discussion to that phase. 

Whether one will prefer to use the formulas presented by the author or - 
the approximate equations derived by Professor Vierendeel, depends upon the 
exigencies of one’s practice. Some engineers prefer to use formulas approxi- 
mate to a known degree of accuracy and affording a speedy solution. They 
know full well that a liberal correction must be made to compensate for causes 
which make the theoretical stresses unattainable. 

The main difference between the analyses of Professors Vierendeel and 
Young is that the former develops accurate formulas at the beginning of his 
study, demonstrates that they are too unwieldy for speedy solution, and, after 
making certain assumptions which carry conviction, evolves formulas which, 
although admittedly approximate, have a simple nomenclature, are easy to 


eee 
# Asst. Chf. Structural Engr., Div of Brid St 
Toeblneee sche, zg ridges and ructures, City of Los Angeles, 


8a Received by the Secretary October 1, 1936. 


nf Oe 
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apply, and, above all, are direct. No “cut-and-try” process is required. 
Professor Young evolves a formula for horizontal shear in the vertical mem- 
bers which is theoretically exact according to the postulates stipulated; but 
it is difficult to apply because it is not simple. It is expressed in terms of 
unknowns. It can only be made simple by assuming certain convenient rela- 
tions between the moments of inertia of the truss members, the fulfillment 
of which, in practice, would be purely fortuitous. How often will ¢ equal 1? 
When it does not, the various moments of inertia remain in Equation (53) 
and the fractions containing a and 8 must be evaluated before that formula 
ean be solved. The difficulty of evaluating a is indicated subsequently under 
the heading “Comparison of Formulas.” 

Using Professor Vierendeel’s equations” the writer has made a check of 
the solution of Example 3 which the author solved by use of the formulas 
of the paper. The results of this solution are compared with that of the author 
in Fig. 20. All the forces are in pounds and the moments are in foot-pounds. 


q,= _ [4589.58 = 
a, =[—4aci00 2 {421.00 =|+604.06 4 


5 Panels @ 10 Ft = 50 Ft 


Fic. 20 
Shear in the lower part of the vertical members balances the shears that are 
shown, and the writer’s values are placed above, and to the left of, those deter- 
mined by the author. 

In the -writer’s opinion, the author did not depart essentially from the 
method of analysis used by Professor Vierendeel for the inclined upper chord 
truss. He arrived at different formulas by using the tool of least work to 
evaluate the relative displacements of the junctions of the verticals with the 
chords for two successive verticals. Professor Vierendeel based his method 
upon the linear and angular displacements of a point in the axis of an arch 
of flat curvature. He applied the formulas for these displacements to find 
the relative’ displacements of two successive verticals above a plane passed 
through them between the chords, and equated the displacements for the same 
points in the verticals below the plane. The result was an exact expression for 


A FET, Sanne Oca 
2 “Cours de Stabilite des Constructions’, Tome IV, by Arthur Vierendeel, Louva 
1920, Hee (16) ; Equation (3) p. 194; Equation (4) p. 183; and Equations (8) and 


(9), p. 188. 
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the horizontal shear in any vertical which the author deemed to be too com- 
plex for easy and speedy solution. Making use of the relation which he had 


M’ = L’ de , in which M’ and I’ are the internal 
M ” Te, ds 

bending moment and the moment of inertia at any section of the upper chord 
and M” and J” refer to a point in the lower chord in that same section, and 


previously proved, that 


since tea is the cosine of the angle of slope of the panel in which the section 


ds 
I’ dx 


EM 


is taken, then, letting 


= B, M’ = BM”; that is, either chord moment is 


known when the other is known. This is the fundamental concept which 
underlies the derivations of formulas for the chord shears and horizontal 
shears through the verticals evolved by Professor Vierendeel. It is based upon 
the tenable assumption that the length of the verticals remains constant. This 
concept also underlies the location of the point of inflection of the vertical 
measured up to a distance, y, from the lower chord. When the curvature of 
the upper chord is not too sharp: 


in which D” is the height of the vertical and 8 and £, are ratios of chord 
moments in the panels adjacent to the vertical considered. The true expression — 
for the point of inflection is a function of the chord moments which cannot 
be determined before the horizontal shears in the verticals have been found. 
Another simplifying assumption that the upper chord has a finite area but an 
infinitely small moment of inertia, reduces the denominator of the value of y, 
as stated, to unity; that is, the point of inflection lies in the upper chord. If 
the upper chord at the vertical has no stiffness it can take no moment so that 
B and £:; equal zero. This assumption may affect the value of the horizontal 
shear in a vertical as much as 5.5 per cent.” Based upon the simplifying 
assumptions made, and proceeding from the exact analysis for the horizontal 
shear in a vertical, Professor Vierendeel evolved the following formula :” 


Hys =, H, D*, (3 Drss Err D,) aft L (3 D; Diss ae d’) > H 
| 


2D, +1 oe 
3 b(D; Dri) Mrs g a ee 
_ SL (Dy Drei) Mra | TA 2 Dy + Dyas) Ve 8 (126) 


2 D*,4, 2 


The subscript, r, denotes the left-hand panel point whereas r + 1 denotes the 
one immediately to the right; H denotes the horizontal shear in the vertical ; 
D, its height; d, the difference in heights of two successive verticals; D, the 
panel length; and, M and V, the external bending moment and shear, respec- 


< OR al de Stabilite des Constructions’, Tome IV, by Arthur Vierendeel, Louvain, 1920, 
*1 Loc. cit., p. 179. 
= Loc. cit., Equation (16), p. 194. 
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tively. Note the absence of all symbols except dimensions or forces in Equa- 
tion (126) and the freedom from terms which themselves involve unknowns. 


Regardless of the value of H,, 3 H, Mra or V,, their coefficients are 


1 
always the same and need be computed but once. Professor Vierendeel also 
reverses the position of the load in order to derive all the shears, as did the 
author. 

Comparison of Formulas—Vierendeel wrote a formula” for horizontal 
shear in vertical members as follows: 


a 
TA dts: 
fa Lette. p,— B.) + Zl ap, Ds) + (Dy — Dot | He 
2 D*, Dp = 
2 
GS ae Uscaac ht Ny eae SACLE ins Abe gl (127) 
2 D*, 2 D*, 
in which the notation is that of the paper. It is obvious that Equation (127) is 
more simple than Equation (53), involving fewer terms, and including only 
the linear dimensions of the truss and the known external bending moments 
and shears. All the assumptions are involved in the formula and, assumptions 


that @ = 1, or that Ig = [nb = aa oo such as the author makes to 


‘ 

solve Equation (53), need not be made The difficulty about using Equa- 
tion (53) is that How involves unknown chord moments represented by a and B. 
These chord moments are expressed, in turn, in terms, of themselves and of 
Hw» as shown by reference to Equations (50a) and (50b). The ratio, B, 1s 
known from the properties of the truss, but Hy» must still be found. before 
the moments can be determined. This is a circuitous process. Professor 
Vierendeel suggested™: 


Doa >, Hy 


My = — Ma Op loins oir ge ia (128) 
ier 6 i+ sp 
It is to be noted that Equation (128) differs from Equation (50b) in the 
M'w 


sign convention and that B = Tai) x 
ab 
The author’s formulas for chord shears, Equation (48a) and Equation (48)), 
are complex because they involve the upper and lower chord moments of two 
adjacent panels which must first be found from Equation (53) and Equa- 
tion (50b). Such moments need not be found when using the Vierendeel 


formulas”, 


V, 1 
py . GAYE he ed ie Si glee a Coal ag (129) 
b etereewh a. Wi458 


2 “Cours de Stabilite des Constructions’, Tome IV, by Arthur Vierendeel, Louvain, 
1920, Equation (9), p. 188. 
% Loc. cit., Equations (3) and (4), D. 183. 
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and, 
a 
Feb Ee 
yh Way ge Se EO ng (130) 
i eh 4 Bon 2) 
because M's =S)(0) [’ de , which is a known constant and, when substituted 


Mw G4 ds 
for the easily found S Hw, readily yields Vay and Va». 

Discussion of Results in Fig. 20.—Fig. 20 shows a comparison of all the 
values found by the author with those found by the Vierendeel formulas. In 
addition, the writer computed the shears in the lower chord by the Vierendeel 
formula, Equation (130). The sum of the shears in both chords in any panel 
must equal the external shear at that point and yields a check on the under- 
lying evaluations. 

The maximum shear variation in the upper chord occurs in Panel 3-4 and 
is 2.50% less than the value given by the author. The maximum significant 
horizontal shear variation in any vertical occurs in q and is 12.50% less than 
the author’s value. The maximum variation in direct stress in any vertical 
occurs in qs and is 18.70% less than the author’s value. The maximum signifi- 
cant moment variation in any vertical occurs in gq, and is 10.30 per cent. 

The term, significant, is used to exclude the values for horizontal shear and 
bending moment in q;. For shear, the writer obtained + 0.63 as against 
the’ author’s — 10.00. These values are both small and of opposite signs. In 
any practical design, they would be allowed a factor of error because of the 
proximity to zero which might be due to the sensitivity of both methods to 
the underlying assumptions. For instance, in the author’s solution of 
Examples 3 and 4, Hs» each time equals —10 lb despite his different 
relations between the moments of inertia. For the moments in q;, the writer’s 
value is + 3.15 and that of the author — 50.00 ft-lb. The ratio of these shears 
and moments is about 15.9 to 1. Except for the values for q:, the agreement 
between the two solutions is close. 

Under the heading, “Special Approximations”, the author states that 
“Professor Vierendeel uses an approximate method for calculating the chord 
moments and shears” which is very rapid. Equations (48) and (50) are 
expressions for these functions.” He should have made it clear that Equa- 
tions (48) and (50) are his own expressions. The corresponding Vierendeel 
formulas are Equations (128), (129), and (130). 

Referring to Conclusion (8) of the paper, the writer agrees that the solu- 
tion for a truss with an inclined upper chord although proceeding from an 
exact formula, must, in the last analysis, be approximate. As to Conclusion 
(4), the formulas proposed cannot be as rapid as those of Professor Vierendeel 
because the simplifying assumptions required: to be made with regard to 
moments of inertia, ¢, and values of a to arrive at a simpler formula 
(Equation (54) from Equation (53)) will not, in general, correspond 


Ta isitiganke ida Gtanliite nce Dn nee 
1920. Cours de Stabilite des Constructions”, Tome IV, by Arthur Vierendeel, Louvain, 


e 
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with the conditions of the problem. These difficulties are eliminated by 
Professor Vierendeel, who makes rational assumptions during the develop- 
ment of his final simple and direct formulas. The author’s remarks in 
Conclusion (5) apply to the Vierendeel- formulas, but the numerical 
effect of Assumption (8) is not immediately evident except for those 
happily selected cases,’ such as for ¢ = 1, unless a solution is made 
by another method as a check. Appreciable errors can be made when the 
‘slopes of the upper chord vary considerably from panel to panel. Equa- 
tion (53) contains too many unknowns for a rapid solution having any 
assured degree of accuracy. How much error is involved when ¢ does not = 1 
and when a and £ are assumed 3 

To those who are interested in the subject of Vierendeel trusses, the writer 
recommends reference to Professor Vierendeel’s comprehensive treatment of 
trusses of various shapes and purposes as well as the design of panel joints.” 
An analysis. of Vierendeel trusses by the combined Cross and Grinter methods 
was presented in an able paper before the International Association for Bridge 
and Structural Engineers.” 

From the standpoint of rapid design, the writer does not consider the 
author’s formulas as rapid, or as unfailingly accurate, as those presented by 
Professor Vierendeel. 


A. W. Fiscuer,” Esa. (by letter).%*—The author has certainly contributed 
a valuable paper to the Engineering Profession on the analysis of the Vieren- 
deel truss with either symmetrical or inclined upper chords. At first glance 
the theory seems rather long, but after it is studied and understood it is very 
simple (as are the final general equations) in application, if the theory from 
which they were developed is understood. 


Da ay 
P = 26.8 Kips a = 107500 
B 


Ca | 


Fie. 21 Fie. 22 


Equation (10) is a general formula and solves symmetrical structures with 
either parallel or inclined chords in a short. time. 
ESE Re Gr RE Se ee es 5 
% Rept. of the International Assoc. for Bridge and Structural Engrs., Vol. 3, 1935,. by 
L. C. Maugh, Assoc. M. Am. Soe. C. E. 
26(are, Pennsylvania Sugar Co., Philadelphia, Pa. 
2%a Received by the Secretary October 3, 1936. 
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Example A.—For example, consider a symmetrical quadrangular bridge 
truss as shown in Fig. 21 which is a two-span Vierendeel truss, with parallel 
chords. Substituting in Equation (10): 

Tn Haw ae 6 L if Haw 6 DL TI, M, 3 LT? Th Vas 
Cs gp hile hale ANE 


From the symmetry of the loading in this particular case, it is obvious that 
How = 0; M, = 0.5 PL; and Vi, = 0.5P. Substituting in Equation (131): 


o. Gey 


Hw 4 6L Hw SUPA OL E05 dese (132) 
in WIS he Es ene 
Reducing Equation (132): 
1 De Oaes 
Hips adie sae oy Tindivecnl tase 
1+6¢ 
“ped Neh 
I,h 


The moment at the intersection of the end vertical and the top chord, 


w= 08H. PoC ES 2 eee 
1+6¢ 
which is the same value as that given elsewhere.” The moments at the other 
joints can now readily be computed by statics. 

Example B—As another example the writer will use the top story of the 
bent analyzed as Example 2 in the paper and will assume the bases fixed, so 
as to form a symmetrical frame with inclined legs. In Equation (10) the 
change of the length of the various members is considered zero. Instead of 


using the dimensions given in Fig. 4, those shown in Fig. 22 will be used so ~ 


as to compare the results with a similar frame analyzed by a different method.* 

Substituting in Equation (10) and reducing, and noting that, since the 
bases are fixed: 0 = 0.005602 Hiw + 2.770 Hiw — 150900 — 66560; that is, 
in => 30 390 lb. P 

The moment at the intersection of the inclined member and the top hori- 
zontal strut = 30390 x 4.765 = 144.8 ft-kips and the moment at the base 
= 30390 X 9.96 — 18400 x 31.16 = — 114.8 ft-kips. 

On comparing these values with the results given by the writer elsewhere™ 
it can be seen that they agree very closely, but it seems to the writer that for 
the solution of Example B the general equations” are preferable to most engi- 
neers. Substituting the symbols shown in Fig. 22 in Equation (10) and 
reducing: 

th oes PDidi Ll (38 Da + 44d) ° 
2.{D% (1 6p) 4: 19 Degen cones 
C. B,, Fourth wuition, Rewrltten, Mauston’ (bey sp dos © Ketchum, Hon. M. ‘Am, Soe. 


* Proceedings, Am. Soc. C. E., May, 1936, pp. 793-795. 
* Loc. cit., Equations (41) and (42), p. 795. 
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and, 
PDa L { Da (1 aP 3 fi) ae 2oid} 
My = — - Bt ae Se cn (136) 
2{D% (1+ 6 di) +12 Dedid + 8 di d?} 
in which ¢; = Fa Li : 
Dal 


All ealeulations in Example B were carried to four significant figures. If 
they had been carried to ten significant figures the moments would have been 
144 699 ft-lb and — 115 089 ft-lb, respectively. As the results differ by a very 
small amount the results to four significant figures are satisfactory and, 
therefore, a 20-in. slide-rule will give results that are reliable. 

In Example ( the truss shown in Fig. 23 is analyzed to show how the 
results by the author’s analysis for a truss with an inclined upper chord 


25u0] | iw] i] | | [ese 
[peer al | eat “Ss 6 Panels @ 10 Ft = 60 Ft x 


Fie. 23 


compares with the results as calculated by relative deflections as proposed by 
Professor H. Yu.” The moments of inertia for all the members are equal. 

The values of a and 8 are not known for an original design, but as the 
moments in the top and bottom chords have been determined by Professor Yu, 
these values have been used for determining the bending moment ratios, as 
shown in Table 2. 


TABLE 2.—Factors For THE SoLution or ExampLe C 


VALUES OF: 
Panel No. ¥ Temas Laés 
RK . Ifa 1+B 
.9839 0.9862 1.044 1.022 1.022 
Sree. 1003 0.9954 1.0198 1.010 1.010 
Se 1.011 1.0 005 1.003 1.003 


Substituting the proper values from Fig. 23, and the proper factors from 
Table 2, in Equation (53), and reducing: 


1k = ibe ae OLD 


How = 0.2963 Hiw + 4.795 Hiw — 0.6309 M, 4+ 2.944 Vis... . (1876) 


i i ad Yu, National Wuhan 
goss gses in Statically Indeterminate Structures”, by Prof. H. y 
Univ., Wichane. Hupeh, China, Second Edition, 1935, pp. 486-494. 
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How = 0.5477 How + 4.568 (Hiw + Hew) — 0.4553 Ms + 2.201 Ves. (187) 
and, 
laleg = 0.7708 cas ote 4.609 (Hiyw + How + Haw) vi 0.4005 M, + 1.973 Vu. (187d) 
For the loading shown in Fig. 23: M, = 25 ft-lb; Ms = 40 ft-lb; M, = 45 


ft-lb; Vie = 2.5 lb; Vx = 1.5 1b; and, Vu = 0.5 lb. Substituting these values 
in Equations (137) and then expressing each value of Hw in terms of Hi: 


lal: => Heike th ORNS. bien tt ea 
Hyg = 80918 His 84195 00lin V8 fee 
Huw = 30.61356341 Hiw — 57.94632625........... (138¢) 
and, 
Huo = 192.7543434 Hi — 367.5198853..........:. (138d) 


From the symmetry of the loading in this particular example, it is obvious» 


that Hiw = 0; hence, from Equation (188d), Hi» = 1.90667 lb and, from 
Equations (138b) and 188c), Haw = 1.29493 lb and Haw = 0.423637 Ib. — 

After the Hw»-values have been determined from Equation (53) the next 
step is to solve for the Mw-values for comparison. Applying Equations (67) 
and (69) to the first panel and reducing: 


Mey, = 19,81 — 2.469 \Marp«.nt <nise ce 5c eeenen Choe 
and, 
Vas = 0.4761 Maw ae 1.171 er | (140) 


Applying Equations (66) and (68) to the second panel and reducing: 


Msw = — 2.554 Mow — 0.9181 Miw + 9.181 Vg +°8.349..... (141) 
and, 


V's = 0.5674 Mow + 0.83 Mi — 3 V%g + 0.6575.....3. . (142) 
Applying Equation (66) to the third panel and ‘reducing: 
Maw = — 2.669 Msw — 0.8354 Mew — 0.8354 Miy + 8.354 Vx 
ie 8.364 Vm 4 6.907 .00sh ace ae 


The value of V’x is not required for evaluating Min, Mow, and M;w, and 


is, therefore, not given. Substituting Equations (139) and (140) in Equa- — 


tions (141) and (142): 


Mow = 9.759 May a 53.00 «0:00 si0:0.0 0:0 0 sieiwete a eiee 
and, 


V'xn = 15.41 — 2.529 Mar... seseseceece ss (144b) 


—~ 


Fw ett . 
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Substituting Equations (139), (140), and (144) in Equation (148): 
Mi = — 41.969495 Muy + 287.958072.....00 60.85. (145) 


From the symmetry of the loading in this particular example, it is obvious 
that My, = 0; hence, from Equation (145), Miy = 5.6697 ft-lb. The value 
determined by Professor Yu is 5.6695 ft-lb. Substituting the value of Mi» in 
Equation (139) gives Mow = 5.8115 ft-lb; Professor Yu" found it to be 
5.8115 ft-lb. Substituting the value of Mi» in Equation (1442) Msw = 2.3306 
ft-lb; Professor Yu reported 2.3298 ft-lb. 

From the foregoing values it is seen that the author’s general equations 
give results that agree with those found by other methods; and they should 
agree, because no approximations are assumed except that in all the analysis « 
in this discussion the change in the length of the members is considered equal 
to zero. 

The value of Ms as given is not the absolute maximum because, if there 
is no unit load at Panel Point 2, but unit loads at Panel Points 3, 4, 5, and 6, 
then the value of M..» will be larger and the value given by Professor Yu is 
3.3355 ft-lb. ‘ 

For the symmetrical loading assumed, Mio = 0; but if unit loads are 
placed at Panel Points 2 and 3, Miw no longer = 0, and the value given by 
Professor Yu is — 2.1459 ft-lb. 

Tf it is assumed that the Hw-values act at the center of the vertical mem- 
bers, the moments are as follows: Mio = 1.90667 x 3 = 5.7200 ft-lb; 
Moy = 1.29498 X 4.5 = 5.8272 ft-lb; and Msw= 0.423637 X 5.5 = 2.8300 ft-lb. 
The corresponding values given by Professor Yu are: 5.7122 ft-lb; 5.8398 ft-lb; 
and, 2.3316 ft-lb, respectively. In this case, again, the two different methods 
agree very closely. 

To solve for the maximum moments in all the members of a Vierendeel 
truss is a rather lengthy process no matter what method is used, but it 
appears that the author’s method is as short as any. 


L. C. Mavan," Assoc. M. Am. Soc. C. E. (by letter).“*—In the United 
States the use of Vierendeel trusses has been opposed consistently (in print 
at least) for such reasons as lack of rigidity and economy or for the difficulties 


that are involved in the analysis, design, and construction of such monolithic 


structures. In actual practice, however, structures of this type have been built 
or, more frequently, designed as a more standardized type, such as in the 
bowstring and open spandrel arch, when the Vierendeel truss arrangement 
would sometimes be the simpler solution. This simplicity is especially notice- 
able when welded or reinforced concrete construction is used. The present 
trend in the adoption of various structural types indicates that there will be 
an increasing use of the quadrangular panel system by those engineers who 
appreciate both its advantages and disadvantages (because it certainly has 
both). For this reason a general discussion of some of the methods that are 


81 Asst. Prof. of Civ. Eng., Univ. of Michigan, Ann Arbor, Mich. 
81a Received by the Secretary October 7, 1936. 
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applicable to the analysis of the quadrangular framework will be pertinent 
at this time. 

In the analysis of the Vierendeel truss, as in any hyperstatic frame, the 
engineer has the choice of two different methods of approach: One involving 
the strain energy of the system or its counterpart, internal and external work, 
and the other, the various deformation methods that use the displacement 
of the joints. In this paper the author has used the first method to obtain 
a general form for the three algebraic expressions that will provide a system 
of minimum strain energy, these equations being expressed in terms of the 
resultant internal forces acting on the vertical members. Ordinarily, there 
will be three of these unknown forces in each of the strain equations but, by 
ingenious algebraic arrangement, certain groups of equations are expressed 
in terms of the horizontal components of the vertical members as the only 
forces, and two variables, a and £, that represent the ratio between the 
unknown end moments of the top and bottom chords. This algebraic arrange- 
ment, which is a characteristic feature of the method of Professor Vierendeel 
and Professor Young, is probably as convenient and simple as any results that 
can be obtained by the use of energy or work theorems. In fact, the author 
has done exceptionally well in the development and application of this method 
of approach. By assuming various values of a and £, the horizontal com- 
ponents of stress, H, in the vertical members can be computed with sufficient 
accuracy; but what is true for the H and V-components, the writer believes, 
is not necessarily true for the bending moments in the chord members. 

Small errors made in the calculation of the H and V-values (errors that 
can easily be made because of the necessity of carrying the computations out 
to many decimals, or due to the rather indeterminate quantities, a and £) 
may produce relatively large errors in the end moments acting on the chord 
members Thus, for example, in Fig. 8, the author obtained values of 
Hye = 601.96 lb and Vi. = 420 Ib, which, if applied at the mid-point of the 
first vertical, gives a moment at the right end of the chord member equal to: 
Ms, = (420) (10) — (601.96) (6) = 588 ft-lb. If an error of — 3% is 
assumed in Hy» and of + 3% in Vis, the computed value of the chord moment 
will be: M2, = (1.03) (420) (10) — (0.97) (601.96) (6) = 823 ft-lb, or an 
increase of 40 per cent. 

In view of the fact that, for structures with top and bottom chords of 
different rigidity, the values of a and £ are affected by this variation of the 
chord moments, the writer believes that it would be difficult to obtain accurate 
numerical results. When the top and bottom chords in the same panel have 


I 
the same sre CS then ¢ = a = B = 1, and a direct solution can be made 


regardless of the inclination of the chord members. 

For Vierendeel trusses or for any rigid frame in which the members have 
considerable variation in rigidity and in which the joints undergo relatively 
large linear displacements as well as rotation, the writer has frequently com- 
bined the use of deformation equations with auxiliary force systems to obtain 
a direct method of solution. With this method of approach, the various forms 
of successive approximations, such as the method of iteration or moment 
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distribution, can be, incorporated. Various forms of the deformation methods 
are in general use, but the advantage of introducing auxiliary force sys- 
tems to control the motion of the structure does not seem to be so well known. 

To illustrate the use of auxiliary forces, the truss shown in Fig. 8 will be 
subjected to various systems that will allow only one linear displacement 
at a time. Thus, in Fig. 24(a), there is one vertical displacement Ai, and in 


Fie. 24 


_ Fig. 24(b), a vertical displacement, A». These displacements will produce end 
moments as shown when no rotation of the joints is considered and when a 
value of I = 40 is used. The final moments that will be developed for 
each value of A when the necessary rotation of the joints is allowed can 
easily be determined by moment distribution, or by calculating the angular 
rotation, using the method of iteration. In general, there will be as many 
of these special problems as there are panels in the truss although advantage 
ean be taken of symmetry, as in the truss used by the author only three 

problems need be solved. 

After the values of the moments that are consistent with each value of A 
have been obtained, an equilibrium equation for the moments in each panel 
for any desired load can be written easily. For the truss considered, with 
I = 40, the writer obtained the following set of equilibrium equations: 


— 15.62 A, — 1.53 A. — 0.276 As + 0.044 A, — 0.004 A; + 6000 = 0..(147a) 
0. .(147b) 


II 


— 1.65 Ay — 7.64A. + 1.64A; — 0.261 A, + 0.042 A; + 6000 


—0.272A, +1.6A, —5.96A, +1.6A, — 0.272 A; — 4000 = 0..(147c) 
. (147d) 


\| 
— 


+ 0.042 A, — 0.261 A. + 1.64A; — 764A, —1.65A,;, — 4000 


and, 
— 0.004 A, + 0.044 A, — 0.276 As — 1.53 A, — 15.62 A, — 4000 = 0.. (147e) 
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Equations (147) satisfy all the requirements for quick convergence when 
solved by the method of iteration. The following values were obtained after 
performing the numerical calculations for five cycles: A, = 337; As = 583; 
As = — 696; A, = — 652; and As = — 180. These relative displacements are, 
of course, HZ times the actual values. For different applied loads the only 
change in Equations (147) is in the constant terms. 

The foregoing method of solution requires considerable numerical work, 
but it has the following advantages: All calculations can be performed with 
sufficient accuracy by means of a slide-rule; the solution is direct and accu- 
rate for any arrangement of the truss; and corrections can be made quickly 
whenever errors are discovered. 

For the Vierendeel truss in which the top and bottom chords in each panel 


have the same “ «factor, as in the truss just considered, the writer prefers to 


make the analysis by considering each panel as a Separate structural unit. 
This method has already been explained in other papers” and need not be 
repeated here. The procedure that has been outlined in this discussion is 
much more general than the panel method and can be applied to many types 
of problems. In fact, the wide scope of this method of analysis is not always 
appreciated. 


“The Analysis of Vierendeel Trusses by Successive Approximations’, Publications 
of the International Assoc. of Bridge and Structural Engrs., Vol. 3, (1935). 
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SIMULTANEOUS EQUATIONS IN MECHANICS 
SOLVED BY ITERATION 


Discussion 
By MEssrRs. GARRETT B. DRUMMOND, AND A. W. FISCHER 


Garrett B. Drummonp‘, Ese. (by letter)“*“—A method of practical utility 
for the solution of simultaneous equations, is: demonstrated in this paper. 
The steps for solving n simultaneous equations containing n unknown quanti- 
ties, by the method of successive approximations, can be summarized as 
follows: 


(1) Choose one equation in which the coefficient of one unknown is quite 
large in comparison with the coefficients of the other unknowns; 

(2) Let all the unknowns, except that with the largest coefficient, assume 
the value zero; 

(3) Solve for a first approximate value of this unknown; 

(4) Choose another equation in which the coefficient of one of the 
unknowns, other than that chosen in Step (1) is quite large in comparison 
with the coefficients of the remaining unknowns; 

(5) Substitute the first approximate value of the unknown already deter- 
mined, allowing the remaining n — 2 unknowns to assume the value zero; 

(6) Solve for a first approximate value of the second unknown; 

(7) Continue in this manner, using first approximate values of each 


_ unknown, until first approximate values are determined for all unknowns; and, 


(8) Repeat Steps (1) to (7) until the desired degree of approximation is 
reached, or until the difference between successive approximate values becomes 


negligible. 
A very simple demonstration of this process can be given by solving the 
three-moment equations of the beam shown in Fig. 12. The equations are: 


15 LEGA Mice tp BO 480 scope Aatig bd comet OAD 


Nore.—The paper by W. L. Schwalbe, Esq., was published in August, 1936, Pro- 
ceedings. This discussion is printed in Procecdings jin order that the views expressed 
may be brought before all members for further discussion of the paper. 

4 With U. S. Engr. Dept., Memphis, Tenn. 

4a Received by the Secretary September 4, 1936. 

4 Corrections for Transactions: In the line below Equation (2), change “moment areas 
below the * * *” to “moments of the areas below the * * **: in Fig, 2, omit the symbol 
«Q” from “Moment areas, Q”; and, in Equation (28) change the second quantity to 


read “2 (Kz+{Keti) 02”. 
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and, 


50 M, + 15 M, = —° 104820... ... 10. .08 os 


From Equation (54): 54 M; = — 182480; and, M;5 = — 2 446, which 
is the first approximate value of M,. Substituting this value into Equa- 


Fie. 12 Fie: 13 


tion (55): 50 M, + (15) (— 2446) = — 104480; or (simplifying and 
solving for M.): M. = — 1356, which is the first approximate value of M2. 

Returning to Equation (54) with this value: (15) (— 1356) + 54 Ms; 
= — 182480; and solving, M@; = — 2077, which is the second approximate 
value of M;. 

Continuing in this manner, the second approximate value of M,. is found 
to be — 1473; the third approximate value of M; is found to be — 2041; 
and the third approximate value of M. is found to be — 1484. These third 
approximate values are identical with the exact values determined from the 
ordinary simultaneous solutions of the two equations. 

This apparently trivial problem was selected because it is possible to show, 
graphically, the precise nature of the steps in the approximate solution of two 
equations. Consider the two-functions, y, = f: (x) and y. = fe(x), as shown 
in Fig. 13. The process was to begin at Point a, where y = 0 in Equa-. 
tion (54). With the corresponding value of x, the next step is to find the 
value of y in Equation (55)—in other words, proceed to Point b, Fig. 18, 
with this value of y; the third step is to find the value of x in Equation (54)— 
that is, move to Point c, Fig. 18. Continuing in this manner, with the suc- 
cessive values found, from the graphical standpoint, one merely follows the 
path shown in Fig. 18, which approaches closer and closer each time to 
the intersection of the graphs of the two equations, or to the numerical 
values of the simultaneous solutions of the equations. 

Of course, from its practical use, the purpose of this method of solution 
is to lighten the labor of solving a large number of simultaneous equations, 
such as are encountered in indeterminate structures. This raises the ques- 
tion of the desirability of “exact” solutions. Just what is meant by “exact” 
solutions ? 

Setting up the equations, say, for the solution of a frame by the method 
of slope deflection, is it not true that certain assumptions are made regarding 
the action of forces at joints, and is the assumption not also made that the 
moment of inertia of the various members are constant throughout their 
cross-section? Then, it appears to be stretching the point to insist that the 
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equations resulting from these assumptions be solved for “exact” values. 
Approximate values are sufficient, and in arriving at such values the method 
explained by Professor Schwalbe is approximate and entirely applicable. 


A. W. Fiscuer,’ Esq. (by letter).°*—A rather unique method for the solu- 
tion of simultaneous equations is presented in this paper. The simple examples 
are especially valuable, but the method is just as simple for solving equations 
of a more complicated nature. For example, it lends itself readily to the 
solution of the end moments that occur in the members of a triangular truss 
having rigid joints, caused by the deflection of the truss. After the moments 
at the ends of the members are computed it is an easy matter to calculate 
the secondary stresses caused at the end of each member. 

Consider, for comparison, the Pratt truss shown in Fig. 14, which has been 
analyzed elsewhere’ by Sophus Thompson, Assoc. M. Am. Soc. C. E., and 


6Mz 14446 15986 (a) 
22K 46.87 55.222 51.268 
1st Approximation 2E@ 308.2 289.5 0.0 
2nd Approximation 2E@ 197.6 237.4 0.0 
3rd Approximation 2E@ . 203.0 236.0 0.0 
4th Approximation 2E@ 203.7 235.9 0.0 


Eo =119.1 Ea = 86.4 


K = 12.43 


cH 


@ 
aN 
v7 


K = 3.80 @) K = 3.80 K=596 
4Me 7058 4602 7230 0) 
225K 25.90 15.71 26.76 38.252 
Ist Approximation2E@ 272.5 292.9 270.2 0.0 
2nd Approximation2E@ 120.6 193.4 209.1 0.0 
3rd Approximation2E@ 174.3 197.0 212.2 0.0 
4th Approximation2E@ 171.9 196.7 212.3 0.0 
Fie. 14 


Ralph W. Cutler, Jun. Am. Soc. C. E. Adding all the clockwise fixed-end 
moments and subtracting the counter-clockwise fixed-end moments at each 
joint and dividing them by 23 K for all the members entering the joint the 
first approximation of 2 H 6 is determined for the various joints. For Joint 1, 
the sum of all the clockwise fixed-end moments’ = 4768 + 2290 = 7 058, 
and 23K = 2(9.15 + 3.80) = 25.90. From this, the first approximation 


of 2H 6 at Joint 1 = ae — 272.5. For Joint 6 the sum of all the fixed-end 
25. 


clockwise moments minus all the counter-clockwise fixed-end moments 
— 6440 — 6440 = 0, and2 3K = 2 (12.43 + 0.774 + 12.43) = 51.268. From 
this value the first approximation of 2H#6 at Joint 6 = 0. All the first 


5 Care, Pennsylvania Sugar Co., Philadelphia, Pa. 
5a Received by the Secretary October 10, 1936. 
6 Transactions, Am. Soc. C. E., Vol. 96 (1982), pp. 108-110. 
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approximate 2 H 6-values are shown in Fig. 14. The second approximate value 


of 26 for Joint 1 = 972.5 — —— (9.15 x 308.2 + 3.80 x 292.9) = 1206. 


Ae 
15371 
x (3.80 < 120.6 + 0.255 x 808.2 + 3.8 x 270.2) = 193.4. Proceeding in 
this manner from joint to joint, in the order numbered in Fig. 14, all the 
second approximate values of 2H06 are calculated and are shown jin 
the diagram. 


The second approximate value of 2H6 for Joint 2 = 292.9 


The third approximate value of 2 H 6 at Joint 1 = 272.5 — os (9.15 x 197.6 


+ 3.80 x 193.4) = 174.8. Thus, all the third approximate values of 2 #6 are 
calculated (see Fig. 14). The fourth approximate values are then determined 
and as these values of 2 #6 at all the joints agree fairly closely with the third 
approximate values, there is no need to continue the operations, Values of 
Ea can be computed by drawing a Williot diagram, then, applying the well 
known slope-deflection formula: 


Mas = 2 EF Kap (2 64 + Os — 3 in)» Te to as eee 


the moments at the end of all the members can be solved. Equation (56) will 
give the moment at End A for any member, A-B. In this case, the sign con- 
vention is the same as that recommended by W. M. Wilson, F. E. Richart, and 
Camillo Weiss, Members, Am. Soc. C. E.7. The moments at the ends of all 
the members can also be solved by the formula: 


Mar py EH Thongs (2w, + Wr) outa she’ #0 * She whale) ofele . . (57) 


TABLE 2.—Comparison or Moments spy THE AuTHoR’s Mretuop AND BY THE 
Exact Metuop 


8B 
= § Be) Moments ree Z 2 Moments 
f ¢ | = g ; | 3 
3 6 | a3 Zi 3 S | ga Be 
Member| “= $ ra) re o- 8 Member| -& i) so 3 | E 
(see A A Bus gs ony (see A 4 5-0 i Bo 
Fig. J ‘6 FS 3 Bic Fig. re “s 8 2 2 g° 
a EI} waAS aq a on LES 
¢ So 2 By 3 oo = Aas a) 63% 
Mol Bho ee coahvdal ited 2 | § | BB] @ jase 
0 9) HeBatd Reka lke bes ht malta | On| ee 
(1) (2) | (3) (4) (5) | (6) (1) (2) (3) (4) (5) | (6) 
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23 seesie 372 95 | 23°90 | — 53 + 4 54 490.7| 358 | 24 040 bel: 2 $80 
ire 320 | 1218 | 31100 | — 80) + 86 | 5-6...:| “320° | 3°678 | 57°650| aes] ete 
CELE ALO SO teal Ee ee tar e141) 4-146 1. 6-B sc cldia as Lae tee lai ees +3 544|-3 511 
3-4 ae 490.7] 805 | 35 780 — 307 +202 6-7....| 372 288 0 0 0 
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Sree. 320 | 3 978 | 38 100 | +900 alt TD: Ot See iaee Ol os at 4 
aorta tent atch: eae +495] —486 
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From the values given in Fig. 14, all the moments at the end of each mem- 
ber can be calculated and the results are given in Table 2. (In their Williot 
diagram’, Messrs. Thompson and Cutler give a value of the displacement of 
38 470 for Member 3-4. For a fixed-end moment of 700 as shown’ the correct 
value would be 35780, which is the value used by the writer.) 

For purposes of comparison the values of the end moments by an exact 
method” is also given in Table 2 and on comparing these values with those 
computed by Professor Schwalbe it is seen that the moments by the author’s 
method agree very closely. The signs shown are different for each member 
for the two methods, due to a different sign convention assumed. Further- 
more, it should be made clear that, in Column (4), Table 2, the values of 
D times F are displacements (at right angles to the axis of the member) of one 
end relative to the opposite end. 

From the foregoing it seems that the author’s method can be used to 
solve for the end moments of all the members in a triangular truss with rigid 
joints in a very short and simple manner. The analysis is such that the results 
with a 20-in. slide-rule are reliable. 

8 Transactions, Am. Soc. C. B., Vol. 96 (1932), Fig. 52 and Table 17. 


® Loc, cit., Fig. 53. 
10 “‘Wodern Framed Structures’ by Messrs. Johnson, Bryan, and Turneamre, p. 440, 
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SIMPLIFIED METHOD OF DETERMINING TRUE 
BEARINGS OF A LINE 


Discussion 


By Messrs. EARL F. CHURCH, PAUL E. WYLIE, JAMES B. GOODWIN, 
C. H. SWICK, PHILIP KISSAM, AND GEORGE D. WHITMORE 


Earu F. Cuurcn,® Assoc. M. Am. Soc. C. E. (by letter).“*—Modern revolu- 
tionary developments in the science of surveying, in instruments used, in 
methods followed, and in results required, are making heavy demands on the 
technical training of surveyors. Practical astronomy is one phase of the sub- 
ject in which proficiency would seem imperative. Certainly every surveyor 
should understand thoroughly the astronomic triangle (sometimes called the 
PZS-triangle) and its applications; the full significance of its six elements; 
which of the six can be found in an ephemeris; which of them can be observed; 
the spherical trigonometry methods of calculating any missing elements 
when three are known; and the practical use of the six elements in geodetic 
astronomy. In fact, these very points, together with the various time trans- 
formations, actually constitute the basis for a working knowledge of practical © 
astronomy, which should be one of the working tools of every surveyor. Any 
work, such as the preparation of Mr. Inch’s paper, in so far as it assists 
engineers in fulfilling the demands of modern surveying practice, is to be 
highly commended. 

Free use of astronomic methods for azimuth determination, is certainly to 
be encouraged. Doubtless, it is fitting that the author should recommend | 
the altitude method of making the observation, for the computations are 
simpler than those for the hour-angle method. If the altitude method of 
observing is used, there are three methods of computation to be considered: 
(1) The method described by Mr. Inch, utilizing the special table (expanded 
Table 1) ; (2) logarithmic computation of the desired azimuth, using a different 
form of the astronomic triangle formula better adapted to logarithmic calcu- 
lations than that shown in the paper; and (3) computation of the desired — 

ee 

septeb 188, Bee nd Ba acta pA Boe caiy es gutted a 

Xe Sle } ideo saan ee slay before all members for further discussion of the paper. 

Syracuse, N. Y. . grammetry, Coll. of Applied Science, Univ. of Syracuse, 
8a Received by the Secretary September 24, 19386. 
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azimuth by mearis of the same formula shown in the paper, using a calculating 
machine, and without using Table 1. The writer proposes to discuss these 
three methods. 

(1). Computation of Azimuth as Recommended by the Author.—The sur- 
-yeyor would require a table of angular functions, a solar ephemeris, and the 
data presented by Table 1. The computation itself is shown in the paper and 
is not reproduced here. 

(2) Computation of Azimuth by Logarithmic Calculation of the Astro- 
nomic Triangle-—The surveyor would require a logarithmic table and a solar 
ephemeris, including a table of refraction and parallax corrections, but not 
the auxiliary table given in the paper. The formula used is: 


devge ej EAC eC Ce ee) (3) 
2 cos @ sin z 


(in which, in addition to the notation of the paper, z = zenith distance), and 
the computation follows: 


Observed h = 25° 25’ 30” log sin? (zg +¢@—8) = 9.89812 
Refraction = ails 2 01” log cos$ (2 +¢+5) = 9.79670 
Parallax Sr 00-06 colog cos } = 0.10885 

; fe cay, ee colog sin z = 0.04413 

E = of ae ae 2) 9.84780 

Ries es, log sin 5 Z = 9.92390 
zt > rs 30087 7S 57°. 037.45” 

5 = j—1° 02’ 16 Z= 114° 07’ 30” 
amen) ns ae Borg” pe SM 
atpts = 109° 97 47” 2 

Prigeteup = Sie 41 $2216" 10” we 
feet Se) L187 54% S 1° 00’ 00"W 


(3)—Computation of Azimuth by Solving the Astronomic Triangle by 
Natural Functions and a Calculating Machine.—The surveyor would require 
a table of natural functions of angles, a solar ephemeris, and a calculating 
machine, but not the special table (expanded Table 1). 

Equation (1) is used for this case and the entire computation is as follows: 


Observed h = 25° 25’ 30” ¢ = 388° 53’ 40” 
Refraction = —(0° 2 01” eS] Se MONG 
Parallax = +0° 0 08” 
h — 95° 93837 

sin § = —0.01811 sin 6 

cos h = 0.90841 eee $ = —0.02576 

a ganna tanh tan = 0.38296 

tan @ = —0.80674 cos Z = —0.40872 


Zi ==" 65° “52° 32” 
64° 52’ 30” 


S 1° 00’ 02”W 
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It will be noted that by far the simplest calculation is the third, by means 
of natural functions with a calculating machine, but without the special 
table given in the paper. It will also be noted that the logarithmic caleula- 
tion without Table 1 is really no longer or more difficult than the computation 
shown in the paper by means of the special auxiliary table. 

The conclusions, therefore, are obvious: (1) The altitude method of deter- 
mining azimuths by solar observations is simple, and its use is to be encour- 
aged; (2) the field procedure described by the author is entirely adequate; 
(3) the quickest and most convenient method of computation, however, is by 
means of the formula, Equation (1), using natural functions and a calculating 
machine, but without the special table; and (4) further development of Table 1 
for the purpose of facilitating the computation is scarcely worth while, because 
the calculating machine method, without an auxiliary table, is more accurate, 
and is easier. 


Pau E. Wyuim,‘ M. Am. Soo. C. E. (by letter).““—A valuable short method 
of solving the astronomical triangle for azimuth is presented in this paper. 
It would be interesting if Mr. Inch would add data concerning the effect upon 
the accuracy of the result due to his assumption that A and B each vary in 
direct proportion throughout 1° of altitude. 

Modern methods of navigation are based upon the solution of this same 
astronomical triangle, and much ingenuity has been expended upon labor-say- 
ing tabulations for the purpose. The navigator needs the azimuth of the 
sun (or other heavenly body) not only for the determination of compass error, 
but also in order to lay down upon the chart, in the proper direction, the line 
of position on which his ship is located. He does not, however, require 
azimuth within an error which is less than the error of plotting; consequently, 
most navigators’ tables are not adapted to the use of the engineer. 

To this rule there is at least one exception. A table’ compiled by Lieut. 
Arthur A. Ageton, U. S. N., involves no knowledge more complicated than 
the addition or subtraction of two numbers. There is no interpolation and no 
multiplication. One addition and one subtraction of tabular values suffice 
to determine the azimuth, with a maximum error of less than a half minute 
of arc. . 

In the writer’s opinion, Lieut. Ageton’s method is as rapid in use as that 
of the author, and it probably presents even less opportunity for error. More- 
over, it is already available at any agency of the Hydrographic Office at (to 
quote the statute) “the cost of printing and paper.” An example, adapted 
from “Problem III”, in Lieut. Ageton’s 50-page book, follows: On Decem- 
ber 17, 1934, at Latitude 20° 10’ N.; Longitude 163° 33’ W., the altitude of — 


the sun (corrected) was observed to be 43° 36.0’ at G. C. T. 21 hr. 45 min. — 
26 sec. Find the sun’s azimuth. 


‘ Structural Engr.-Builder, Los Angeles, Calif, 
*e Received by the Secretary, September 28, 1936. 


°*“Dead Reckoning Altitude and Azimuth Table” 
Hydrographic Office, Publication No. 211, U. S. Navy eos ms Washinctat agen eae 
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From the almanac, determine the local hour angle and the declination of 
the sun in the usual manner. Opposite each half minute of arc in the tables, 
two columns are found, marked A and B. Using the tables as noted: 


Local hour angle = (arc) 16° 13.4 E. A 55 376 (using nearest tabular 


value 
Declination = 23° 21.9’ S. B 3716 : 
; 59 092 
Altitude = 43° 36.0/ B 14076 


Azimuth = 159° 13.5’, corresponding to A 45016 


| The simple underlying theory is given in the publication, and need not be 
repeated herein. The Ageton method involves an accurate knowledge of the 
time, and a working familiarity with the co-ordinates of the celestial sphere. 
In this respect, it is inferior to the author’s method, and is disqualified for 
ordinary or occasional use, but its virtues make it well worth the attention 
of surveyors who must determine astronomical azimuths habitually. 

It is to be hoped that it will be possible to print the author’s complete 
table. It may well render more cumbersome methods obsolete. 


James B. Goopwin,’ M. Am. Soo. C. E. (by letter).““—Suggestions have 
been solicited for making Table 1 serve its purpose more efficiently, and the 
only criticism that the writer would think applicable is that, perhaps, it might 
be more convenient if the sines of the angles of the sun’s declination were 
embodied in an additional column, together with an accompanying column 
of differences for each minute. The column of altitudes (Column (1)) would 
‘then be combined to include the declinations. It would then be necessary to 
refer to only one source for altitude, latitude, and declination factors. 

Equation (1) may be written in another form, namely: 


Pe ie ee (ain Dain slag wv eeaies cata ie) 
cos h cos @ 
where ee 42. is as defined in the paper and sin h sin $ replaces tan h 
cos h cos d 


tan ¢. However, it is questionable whether this is any improvement on the 
author’s procedure. 

It would appear that, in the selection of the declination, standard time has 
been used for the 75th Meridian. In some possible conditions the use of 
standard time might lead to appreciable errors in establishing azimuths, 
especially at or near the limits of standard time belts. As an illustration, 
assume two traverse lines on either side of the boundary between two standard 
time belts or zones, run generally northerly and relatively close to the divi- 
sion line. One would have azimuths derived from a time 1 hr different from 
the other, whereas the same declination for the sun should practically apply, 


if close to the boundary. 


®Toronto, Ont., Canada. 
6a Received by the Secretary September 28, 1936. 
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wali ee 
cosh cos } 
effect on the resulting azimuth is apparent. It would seem more nearly precise } 
to consider the longitude of the place of observation in determining the time | 
for the sun’s declination referred to Greenwich. 

In the illustration as given, there would be a difference in time correspond- 
ing to 2° of longitude, assuming Washington to be on the 77th Meridian. It. 
would be of interest to know why, in determining azimuths, preference appears 
to be given to the method outlined as against observations on Polaris. 


Since the sine of the sun’s declination is multiplied by , the: 


QO. H. Swick,” Ese. (by letter).—Simplification of engineering methods 
and computations is always desirable, but this is especially true when astro- 
nomical measurements are involved. Ordinarily, an engineer has little need 
to start or check his surveys by the use of astronomical determinations and, 
therefore, is likely to lack familiarity with astronomical methods and compu- 
tations. The method proposed by Mr. Inch is quite simple to apply and, there- 
fore, will probably prove useful in certain types of surveys. The factors which 
he proposes to obtain from the table are rather easily computed for the indi- 
vidual observations, and it is questionable whether the double interpolations 
can be made from the table any more readily and quickly than the factors 
could be computed directly. The table has the advantage, however, that gross 
errors in the computations are probably less likely to occur when it is used. 

The form of table proposed by Mr. Inch is compact and easily followed. 
As published, the interpolation interval is large, and this results in some 
inaccuracy especially in those parts of the table where the tabulated differ- 
ences change rapidly, but the table would become rather unwieldy to compute 
and publish if the interval were decreased to 10 min or even to 30 min. 

The writer would suggest a careful checking of all entries in Table 1 
before the completed table is finally published. Several of the values are 
rather inaccurate in the last decimal place given. The following errors 
are also subject to correction in J'’ransactions: (a) Change both @ and i to 
wherever they occur, as in Equation (1) and Table 1; (b) in the second line 
following Equation (1), change the numerator, sin 8, to 1; (c) change Equa- 
tion (2) to read, cos Z = A sin 8 — B; (d) in Line 18 under “Field Pro- 
cedure”, change “lower” to “upper”; and (e) in the tenth line preceding 
“Conclusion”, change “Multiply Factor A by 8” to read “Multiply Factor A) 
by sin 8.” 


Pup Kissam,’ Assoc. M. Am. Soc. OC. E. (by letter).*W—There are many 
advantages inherent in the determination of azimuth by sun observations. 
The method is chiefly applicable to route surveys or traverses of this type 
where neither established azimuth control is available nor high precision neces- _ 
sary. Under average conditions an azimuth determined by this method will | 
be within 0° 2’ of the correct value, depending on the latitude and time of 
taser een of Gravity and Astronomy, U. S. Coast and Geodetic Survey, Wash- 

7a Received by the Secretary October 7, 1936. 


® Associate Prof. of Civ. Eng., Princeton Univ., Princeton, N. J. 
8a Received by the Secretary October 8, 1936. 
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year. The observations require 10 min, or less, time in the field and about 
20 or 30 min for computation. They can be made during the regular program 
of observations and should be made once every clear day. Polaris observa- 
_tions usually are made more successfully at night than in the late afternoon 
when Polaris is visible during working hours and the preparation necessary 
for night observations, including the transportation of the field party to the 
site, usually requires an hour or more, is inconvenient, and often interferes 
with the progress of the next day’s traverse work. 

Since the sun method is so useful and can be made so frequently, it is 
important that the computations should be made with least difficulty. The 
value of the paper by Mr. Inch is the saving of time for computation. It will 
be interesting to compare the two usual methods of computation with that 

of the paper: Method (a) involves a formula for use with a computing 
machine, as follows: 


cos Z = BIBS A SUNO ELS Pir ea ee oS Gh Rag (5) 


cos } cos h 


and Method (6) involves a formula for use with a table of logarithms, as 
follows: 


cot? 4 ig aac Crea? See AY ee wee! (6) 
2 cos s — cos [s — (90 — 4)] 
in which, in addition to the notation of the paper. 


Ape epire— Mila a ied Os Brot! vines (1) 


The steps required for computation are shown in Table 3. It will be 
noted that Method (b) requires several additions and subtractions of 


TABLE 3—Comparison or Metuops or Computation 


Steps required Method (a) | Method (b) | Inch method 
References toa table...........2 0 eee cece e cere ete teens 6 5 4 
Interpolations.......;. MOLI teiegsts + cput sntahre apcleboiGiete aiebaoin)2Fe 6 5 6 
Multiplications or divisions........-----+++eeeee rete reese A 3 : 


Other minor steps.....---. see e eee cee eee e ee eee neces 


angles (9) which require time and may cause blunders. The Inch method 
requires fewer operations, and the references to the table are more convenient. 

The author mentions the necessity of a solar ephemeris for computation 
of the sun’s declination. It might be well to note that the best type of 
ephemeris to use is one that gives the declination at civil time (as in the 
Nautical Almanac). It is necessary to have an ephemeris for the proper 
year. If a permanent declination table is desired, the reader is referred to 
the report entitled “Azimuth Determination”, by E. F. Coddington, M. Am. 
Soc. C. E2 Tables in this Bulletin extend through the year 2000, but the 
necessary computation is slightly more laborious. 


® Bulletin No. 79, Eng. Experiment Station, Ohio State Univ., Columbus, Ohio, Septem- 
ber, 1930. 
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The “Field Procedure” suggested by Mr. Inch is not the only practical one 
available. An excellent method is described under the title, “Topographic 
Instruction of the U. S. Geological Survey.” The chief feature of this 
method is in bisecting the sun’s disk rather than in bringing the cross-hairs 
tangent to the disk. Ten pointings are recommended instead of two. The 
field time necessary for the ten pointings is about 6 min so that the average 
of the ten pointings can be used without danger of errors due to the curved 
path of the sun. Both the aforementioned Bulletins recommend using a white 
card behind the eye-piece on which the sun’s image appears with the cross- 
hairs visible across the image. This method is rapid, as the observer does 
not have to place his eye at the eye-piece, and easy to use as no special 
equipment is necessary. The eye-piece must be focussed for this method, 
but this is balanced by the time required to attach a colored glass or prism. 

(There is a difference of opinion as to the relative accuracy of pointing the 
instrument at the edge of the sun’s disk rather than bisecting it. One of the 
faults of a sun observation is the difficulty of pointing a moving object. 
Although the sun’s disk is large, the writer believes that bisection is more 


accurate. It is very difficult indeed to bring the cross-hairs to the edge of 


the disk without bringing them into the disk. Any effort to bring a cross- 
hair to the edge of a target is fraught with difficulties, whereas the eye can 
bisect with surprising accuracy as long as the entire image is visible without 
shifting the eyeball. An experimental determination of the comparative 
accuracies might well be made. It is also noted that special cross-hair 
arrangements are available from many instrument makers in which intersecting 
wires form a square slightly smaller than the sun’s disk and for which claims 
are made of greater accuracy of pointing.) 

In connection with the field procedure described in the paper, Step (3), 
namely, “level the instrument with extreme care”, it might be well to recom- 


mend leveling with the bubble tube attached to the telescope if such a bubble 


is available. No amount of reversals will eliminate the errors caused by 
the vertical axis not being exactly vertical. 


Grorce D. Wuirmore,” Assoc. M. Am. Soc. C. E. (by letter).“*—Unques- 
tionably, the method presented by Mr. Inch for computing solar azimuth 
observations is a time-saver. Actual tests indicate that by his method the 
sun’s azimuth can be found in about one-half the time required for solving 
the formula by use of trigonometric functions. It must be realized, however, 
and prospective users should be so warned in the explanatory text, that the 
azimuth found by this short-cut method may be incorrect by as much as 1’ 
in azimuth, solely because the interpolated values for Factors A and B may 
be incorrect. This is because the tables give the A and B factors only for 


each degree of altitude and each degree of latitude. For practical reasons, — 


the intermediate values must be based on straight-line interpolation, whereas 
actual intermediate values would follow a curved line. 
° Bulletin 788-C, U. S. Geological Survey. 


*Chf. of Surveys, Eng. Service Div., T.V.A., Chattanooga, Tenn. 
41a Received by the Secretary October 28, 1936. 
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Taking the author’s example for illustration, the azimuth obtained by 
solving the spherical trigonometry formula gives a result about 30” lower 
than the one he secures by using the A and B tables. Other experiments 
showed that, undér certain conditions and combinations, the azimuth secured 
by using the tables of this form could be in error by as much as 60”. 

In Example 1, Factor B is taken for 38° of latitude, the actual] latitude 
being 38° 50’40”. The author finds the value for Factor B by interpolating 
between 38° and 39°, taking the tabulated difference of 22.1 for 38° of latitude, 
multiplying this value by 53’ 40”, and adding the result to Factor B for Lati- 
tude 38°. (A closer result would have been secured, incidentally, had he 
found B by interpolating “downward” from 39°, the actual latitude being 
only 6’ 40” less than 39°, compared with 53’ 30” plus from 38°.) The point, 
however, is that the difference in the fifth place of logarithms for Factor B 
for 1’ at 38° is 22.1, and for 1’ at 39° is 22.7. It is apparent that this differ- 
ence of 0.6 will create rather sizable differences in the values for Factors 
A and B, when the latitude is about midway between the even degrees. 

Readers should be warned also that Factor B is perhaps a more critical 
value than Factor A. They will both be subject to some error, but whatever 
the error might have been in Factor A, as taken from the tables, its effect 
is considerably reduced when A is multiplied by sin 6, which may be any 
quantity between 0.0 and 0.4. Factor B is used in the formula, however, just 
as it is taken from the tables, and is not reduced in any manner. The explana- 
tion should include a warning also that the computed result will vary in 
accuracy with the seasons, since the greater the declination and the larger its 
sine, the less the error in Factor A is reduced. It also appears that a south 
declination is likely to give a greater error than a north declination, since 
the two factors, A and B, are always added when the declination is south. 

Inexperienced computers should be warned as to the declination tables to 
be used. Some of the solar ephemeris tables published by instrument manu- 
facturers, supposedly to be used in connection with solar attachments, give 
the declination as including refraction corrections. The author’s table 
gives the values for A and B already corrected for refraction; hence declina- 
tion tables used in connection with this method should never include refraction 
corrections. 

The tables might be more conveniently arranged by using one full page 
for each degree of latitude, and giving A and B values for altitudes from 
about 10 to 49°. Under this arrangement, the page might be divided into 
four columns, each column covering a range of 10° of altitude. This arrange- 
ment might also prove to be of advantage to a survey party wishing to com- 
pute solar azimuths in the field, as only one or two pages of the tables would 
be required for any one locality, thus eliminating the need for carrying a 
full set of tables for all latitudes. For the benefit of inexperienced computers, 
it might be well to explain that the “Differences for 1’” are in units of the 
fifth decimal place. 

Except for the questions raised herein, it is believed that the five objects 
stated in the “Synopsis” will be accomplished, except possibly Item (2), which 
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is to “obviate textbook reference.” The tables and the necessary explanations 
suggested by the author will in themselves constitute a textbook, and will 
have to be present always when solar azimuth observations are to be com- 
puted. It is suggested also that the principal uses of the method may be by 
computers who are engaged in calculating many solar observations as a rou- 
tine operation, rather than by the engineer making an occasional solar 
observation and computation. Such an engineer may not be aware of the 
existence of these tables, or may not have them in his library, and the few 
extra minutes required to develop the regular formula is not so important 
where only an occasional observation is required. On the other hand, the 
saving’ in time for a computer calculating many observations, day after day, 
may be important. If this is to be the principal use, then it might be well 
to expand the table, showing the factors for, say, every 10’ or 20’ of altitude, 
and similarly for latitude. Such expansion of the tables would eliminate also 
the previous comments on inaccuracy in the interpolated values for the A and 
B factors. 
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Discussion 


By Messrs, FRED LAVIS, JOSEPH BARNETT, G. E. HAWTHORN, 
JOHN F. FAIRCHILD, LESLIE R. SCHUREMAN, AND C. H. PURCELL 


Frep Lavis,t M. Am. Soc. OC. E. (by letter).““—There can be little ques- — 
tion that the facts and opinions expressed by the author should receive careful 
attention from engineers and others responsible for future design and con- 
struction of main trunk-line highways. This paper is timely and important. 
However, it raises a question that is fundamental. Mr. Noble seems to assume 
that it is the duty of the State (and by that is meant any governmental 
agency) to provide ample facilities for the operators of motor vehicles driven 
at high speeds on highways. It is a serious question, however, how far one 
should, or could, go in the expenditure of public monies for this purpose. 

There is no doubt that future trunk-line highways, or future reconstruc- 
tions of such highways, should be designed with reasonable consideration for 
future requirements, and at least one of these requirements is the operation 
of motor vehicles, trucks, buses, and private cars at high speeds. 

Since the days of Wellington at the end of the Nineteenth Century, 
wherever proper engineering methods have been used, railway design has 
envisaged and provided for future traffic. In 1930 the writer’ pointed out 
the desirability of applying Wellington’s formulas, modified to suit the con- 
ditions, to the design of highways. Mr. Noble has amplified this suggestion 
to include safety of operation as well as the economic operating factors cited 
by the writer. 

The fact must be borne in mind, however, that, although the highway 
accident record is bad and involves a considerable economic loss, and although 
it is in many ways a real disgrace, the development of high-speed operation 
imposes on the State a much more serious duty than that of providing a safe 
roadway—namely, the duty of carefully selecting, testing, and supervising 
the operators of those vehicles which are driven at high speeds. There is a 


Nore.—The paper by Charles M. Noble, Assoc. M. Am. Soc. C. H., was published in 
September, 1936, Proceedings. This discussion is printed in Proceedings in order that the 
views expressed may be brought before all members for further discussion of the paper. 

4Cons. Engr., New York, N. Y. 

4a Received by the Secretary September 22, 1936. 

5 “Highways as Hlements of Transportation”, by Fred Lavis, Transactions, Am. Soc. 
C. E., Vol. 95 (1931), p. 1020. 
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further duty in the periodic inspection and testing of the vehicles themselves. 
Simply to provide speedways and let any one and every one use them who 
meets certain very minimum requirements—people whose responsibility is not 
frequently checked and verified—is really criminal and far more a subject 
of criticism than any charge that can be directed against the structure of the 
highways even as they exist to-day. Perhaps, some day the Utopia may 
arrive, in which all vehicles and drivers not meeting certain requirements 
will be limited automatically to certain comparatively low speeds. 

An interesting commentary on this phase of highway safety is the state- 
ment of the Commissioner of Motor Vehicles of the State of New York of 
the revocation or suspension of licenses for the two-week period ended Septem- 
ber 19, 1936. For the State the total was 733 and among the causes listed 
were: Driving while intoxicated; leaving scene of accident; failure to 
pay registration fee; false statements on application; reckless driving; 
speeding; ete. 

The fact that 733 licenses or registration certificates were suspended or 
revoked in only two weeks in one State indicates the extreme importance of 
the human element and it is, of course, almost certain that many other drivers 
than those who were discovered and penalized are not competent to drive at 
all and certainly not at high speeds. It will be noted also that no mention is 
made in these lists of the physical condition of the vehicles being driven. 

There is also another phase to be considered in connection with the 
author’s proposals for roads with large radius curvature, comparatively smooth 
profiles with light rates of gradient, and smooth rigid pavements. From the 
standpoint of safety, the effect on the driver of this monotonously even sur- 
face should be taken into consideration. There is some evidence that it may 
tend to dull the senses and produce a state, at least, of semi-somnolence which 
does not develop in driving over roads on which vigilance is obviously neces- 
sary. It may be admitted that the tendency of the future is likely to be 
toward the construction of highways of the very high type suggested by 
Mr. Noble but this argument, in turn, brings the subject back to the greater 
need of testing, licensing, and supervising the operators of the vehicles using 
the modern highway, and the vehicles themselves. 

One statement is made in the paper in regard to pavements to which, 
perhaps, more particular attention may be drawn. Considerable has been said 
and written about the effect of heavy motor vehicles on highway costs, with 
the fairly general assumption that there is some more or less definite relation 
between the two and that the cost of highways is increased in some more or 
less direct ratio to the weight of the vehicles using it. More definite, per- 
haps, is the assumption that pavements (as also, to some extent, the alignment 
gradients, and width of roads) are controlled by the requirements of heavy 
motor trucks. : 

In December, 1934, the writer pointed out® some of the fallacies of this 
assumption and it is of interest, therefore, to note the author’s statement 
that safe operation of modern private cars requires such widths and thick- 
nesses of pavements that they will be amply sufficient for the heaviest vehicles, 


3 j 
rey Effect of Heavy Motor Vehicles on Highway Costs”, National Research Council, 
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In his “Conclusion”, Mr. Noble states that “the highway engineer is 
facing a tremendous responsibility. He must have courage and vision.” 
This sénse of responsibility, courage, and vision have not been lacking, 
and the engineers of the United States have been far in advance of those 
of Europe in designing and building various types of so-called super-highways. 
It must be borne in mind that much of the policy of the development of 


. transportation in Europe is based on military needs and cannot be assumed 


to be caused entirely by anxiety to provide for the speeding of private cars, 
although this latter may develop as an incidental factor. 

The construction of the Westchester County Park System, in New York, 
incorporating the most advanced thought in widths of pavements, elimina- 
tion of grade crossings, etc., was begun in 19138. The New York State High- 
way from the Holland Tunnel to Elizabeth, N. J. (Route 25), was envisaged 
in 1923 and construction was begun in 1924. Boston, Mass., Philadelphia, Pa., 
Chicago, Ill, and other centers have contributed ideas and proceeded with 
construction. 

The real question is not the courage and vision of the engineer, it is the 
reasonable adaptation of construction to future needs without unduly taxing 
certain classes of people, or all the people, for the benefit of the few. 

The question as to how far one should go in making the expenditures neces- 
sary for the extension of these super-highways, is one of statesmanship just 
as much as engineering. One suggestion offered by Mr. Noble may be 
emphasized and that is the desirability of advance planning of such highways 
and the acquisition of the necessary land, the restriction of encroachments, 
ete., so that when the proper time comes the actual construction will not be 
unduly burdensome. 

Tt should be stated that the author has done a service in emphasizing some 
of the factors that should be given consideration if, as, and when, such high- 
ways are required and the funds for their construction are made available. 


JosepH Barnett,’ M. Am. Soo. C. E. (by letter)."*-—-In reading this paper 
one is given the impression that “Express Highway”, “High-Speed Highway”, 
and “Dual Highway” are considered to be synonymous. They are not so 
necessarily. 

An express highway is one which may be traveled without undue interrup- 
tion between terminals or other designated control points, much as express 
vehicles in any other form of transportation. It need not be high speed, neces- 
sarily, but the speed is higher, generally, than is common on adjacent local 
highways. The Westchester County and Long Island Parkways, in New York, 
properly may be classified as express highways. They may not be traveled at 
high speeds as that term is understood now, but may be traveled without 
undue interruption, in comfort, and with a sense of the beauty of Nature not 
possible on high-speed highways. 

Dual highways are composed of two one-way highways. They need not 
necessarily be high speed or express. All highways carrying more than 10000 


7 Senior Highway Design Engr., U. S. Bureau of Public Roads, Washington, D. iC 
7a Received by the Secretary, September 30, 1936. 
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vehicles daily should be classed as dual highways. Increased safety and only 
a small additional cost over that of four-lane two-way highways are sufficient 
justification. Expensive 300-ft rights of way are desirable, but far from neces- 
sary. The largest part of the possible additional safety is attained as soon as 
opposing traffic is separated physically, even if the separation is only 3 or 4 ft 
of curb. All additional effort and expenditure, such as wide landscaped areas 
between highways resulting in wide shoulders to aid in avoiding collisions, 
reduction of head-light interference, etc., are worth while but they are subject 
to the law of diminishing returns in providing additional safety. 

It should be possible to travel at high speeds on all modern express high- 
ways. However, the fact that motor vehicles are being constructed to travel 
safely at 100 miles per hr is not in itself sufficient justification for 
the adoption of this speed for design. It is only one of the factors 
which should be considered in weighing the problem. Of great importance 
are the topography, which is a factor in the determination of cost, and eco- 
nomic justification. One of the most important transcontinental highways 
in the United States would be included by many in any program for developing 
modern express highways, and yet hundreds of miles of this highway, where 
not under the influence of local urban traffic, carry about 300 vehicles daily. 
A two-lane, two-way highway designed for a speed commensurate with 
the particular topography is all that is justified. 

Where traffic justifies the construction of four one-way highways, two 
lanes in each direction for trucks and two lanes for passenger vehicles, many 
advantages accrue to locating the truck or slow traffic highways outside 
rather than inside the fast traffic highways. “Fly-under” crossings are 
expensive, especially in flat country and the entrances to the slow traffic high- 
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Fig. 5.—AcCESS PLAN FOR A FouR-PAVEMENT TRUNK HIGHWAY. ONE QUADRANT IS SHOWN; 
OTHER QUADRANTS ARE SIMILAR. 


ways are comparatively numerous. By placing the slow traffic highways 
on the outside, fast-moving passenger vehicles may use the slow- -moving 
highways for short distances to enter and leave the dual highway. Fig. 2 
would then be modified, as shown in Fig. 5. 


Details of Design—The complete formula for super-elevation (see Equa- 
tion (1)) is, 


EF = 01007. ee 1 Sans ee (5) 
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in which, in addition to the notation of the paper, F equals the side friction 
factor. On the assumption that there is an ample margin of safety against 
skidding when a vehicle rounds a curve at the minimum speed at which side 
pitch is noticed by driver or passenger, the U. S. Bureau of Public Roads has 
received reports on nearly 900 road tests to determine this speed. The results 
have not been analyzed thoroughly, but they lead to the conclusion that a 
side friction factor of 0.16 may be used with safety for vehicle speeds as 
great as 60 miles per hr. The results indicate lower factors for speeds greater 
than 60 miles per hr, but the combination of highway, vehicle, and driver 
capable of driving safely on curves at speeds greater than 60 miles per hr is 
rare, and few observations at higher speeds were received. 

It is suggested that the minimum radius of curves be determined by the 
use of Equation (5); for example, for a speed of 60 miles per hr, a super- 
elevation of 14 in. per ft, and a safe side friction factor of 0.16, the limiting 
radius is 915 ft. For a speed of 100 miles per hr and an assumed safe side 
friction factor of 0.08, the limiting radius is 3640 ft. This method seems 
superior to one in which side friction is ignored, and a lower velocity is 
assumed to compensate for it. 

The writer cannot urge too strongly the adoption of transition curves. Mr. 
Noble states that the necessity for such curves is doubtful because the vehicle 
is free to make its own transition, necessary within the wide lane. It is not 
sufficient that highways be designed so that it is possible for vehicle operators 
to remain in their lanes. They must be encouraged to do so if safety is to be 
built into the highways. “Cutting corners” is one of the important factors 
contributing to the number of accidents on two-way highways which consti- 
tute the largest part of the highway system of the United States. Vehicle 
operators “cut corners” regardless of whether or not it is possible for them 
to keep to the traveled lane, chiefly because of a natural tendency to reduce 
the shock of the sudden application of centrifugal force. They are further 
encouraged to “eut corners” by the fact that the change from a crowned to 
a superelevated cross-section is placed on the tangent because of the lack of a 
transition curve. To keep from sliding down the inclined cross-section, the 
operator must turn his wheel slightly against the direction of the curve ahead, 
a most unnatural action, the necessity for which encourages him to head 
toward the inside of the curve. With transitions, superelevation increases 
with curvature, and no complicated methods of changing from crowned to 
superelevated cross-sections are required. Reverse curves need no special 
treatment and the ends of adjacent transitions may be a common station. 
With adequate tables the design and location of curves with transitions are 
not complicated and require no more time and effort than curves without 
transitions. 

The required length of transition depends upon the rate at which the final 
constant centrifugal acceleration is approached. If a vehicle travels at a con- 
2 
stant speed on a curve it is accelerating toward the center at the rate of oe 


in which V, represents the speed, in feet per second, The total time required 
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to traverse the transition curve is Ls , in which Ls represents the length of 
q . 
transition, in feet. The average rate at which the vehicle on the transi- 


tion approaches this final constant centrifugal acceleration, therefore, is 


ube we Ls = V's . This average rate will vary for different drivers and 
r V; r Ls 
numerous scientifically controlled tests are needed to determine the most 


desirable value. The few observations available indicate that a value of 2 for 


8 


is a fair average. Equating and changing to V, in miles per hour, 
lbp 


results in the formula, 


For a speed of 100 miles per hr and a radius of 3640 ft, the required length 
of transition is about 450 ft. 

Regardless of the assumed design speed an alignment of curves with ade- 
quate transitions is greatly superior to an alignment of tangents and curves 
without transitions, in appearance and in ease and comfort of travel. Any 
one doubting this statement should operate a vehicle on a highway, such as 
the Mount Vernon Memorial Highway between Arlington and Mount Vernon, 
Va., on which all curves are constructed with transitions. 

A deceleration of d = 17.4 ft per sec is equivalent to a uniform rolling 
friction factor between wheels and pavement of 0.54. Although this is not 
too great for a motor vehicle on clean pavements even when wet, it is felt 
that in computing minimum sight distances for one-way highways a friction 
factor that would apply to most vehicles on pavements not altogether clean 
should be used. This friction factor is likely to be about 0.4. The general 


equation” for braking distance based on a uniform rolling friction factor 
between wheels and pavement follows: 


y? 
$$ nice cece ceccaes 7 
2g (F +8) 7) 


Converting Equation (7) by substituting V to represent the velocity, in miles 
per hour, and 32.2 for g, results in the following: 


— 0.03834 V? 
F+S8 


For an assumed uniform friction factor of 0.4, a vehicle at 100 miles per hr 
on a level highway would stop at a distance of 835 ft after the brakes are 
applied. What Mr. Noble terms “lag” is the sum of two reactions times, brake 
reaction time, and what may be termed “awake” reaction time. Brake reac- 
tion time has been tested widely and varies between 0.5 sec and 1 sec for most 
vehicle operators. Awake reaction time may be defined as the time it takes 


"> Correction to be made before paper is published i i . i 
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for a vehicle operator to come to the realization that the brakes must be 
applied. In this case, the operator must come to the realization that an 
object in his lane is stationary. It may take a few seconds to come to this 
realization if the object is a stationary automobile. Tests for awake reaction 
time are needed. : 

Conclusion.—The use of an assumed design speed of 100 miles per hr 
may be justified on many highways in many sections of the United States. 
Indeed, some engineers (notably those of the Oregon State Highway Depart- 
ment), are constructing highways designed for critical, as distinguished from 
assumed, design speeds as great as 100 miles per hr. The final determination 
to construct great systems of highways for this speed depends not on the 
vision and courage of the engineer, who is well endowed with these attributes, 
but on financial ability and justification. 

However, to be safe, any highway on which the expected vehicle speeds are 
greater than 40 or 50 miles per hr should be designed with a refinement not 
thought necessary a decade ago. It is in this broad field that the principles 
outlined in Mr. Noble’s excellent paper can be put to use. In many cases, 
little if any additional cost is involved. The principal requirements are more 
care in design and construction and the services of a high type of engineer, 

“of which there is a plentiful supply. 


G. E. Hawrnorn,? M. Am. Soo. C. E. (by letter).°"—The ever increasing 
speed of automobiles presents a serious problem for the highway engineer. 
There does not seem to be any definite upper limit for speed which automobile 
designers will build into their vehicles of the future. At the present (1936) 
rate of increase, automobiles capable of speeds of 150 miles per hr may be 
expected within the next 10 yr. Mr. Noble, as well as many other highway 
engineers, fixes the maximum speed for which express highways should be 
designed at 100 miles per hr. 

A decade ago the highway engineer had the problem of ever-increasing 
weights of vehicles. This problem has been solved, at least temporarily, by 
rigidly enforced laws limiting maximum size and weights of vehicles. This 
has been accomplished by co-operation between automobile designers and 
users with highway engineers. 

The problem of speed is similar but more serious, in that loss of life and 
destruction of property, instead of destruction of pavement only, are involved. 
Unless some rigid upper limit of speed is established, either by mutual agree- 
ment between motor-car designers and highway engineers or by a rigidly 
enforced law, engineers will continue to design highways that will become obso- 
lete as to safety features every decade. There is some question as to whether it 
is desirable to design main highways for speeds as high as 100 miles per hr just 
because some automobiles can travel that fast. Possibly 70 miles per hr 
would be more desirable; certainly, it would be much safer. The driver’s 
control over his vehicle varies, other conditions being equal, with the square 
of the speed. The vehicle traveling at 100 miles per hr requires twice the 


8 Asst. Prof. in Civ. Eng., Univ. of Washington, Seattle, Wash. 
8 Received by the Secretary October 1, 1936. 
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distance of one traveling 70 miles per hr, and four times the distance of one 
traveling 50 miles per hr to be brought under control in an emergency. All 
possible safety features that can be built into both the automobile and the 
highway can in no way change these ratios. They hold also as to the violence 
of the impact resulting from any accident. 

Minimum speeds on express highways are also important. Even on dual 
highways fast traffic may be “boxed” by one slow vehicle passing another, 
resulting in serious accidents. 

The two main safety features that can be built into the highway itself are: 
(a) Proper superelevation on all necessary curves; and, (b) sight distances of 
sufficient length to allow vehicles operating at maximum speeds to be brought 
under control or stopped at all times in case of an emergency. 

Safety Feature (a).—The superelevation used on curves can be considered 
from several angles. Equation (1) of the paper gives the theoretical super- 
elevation desirable for vehicle operation on curves with the same safety as on 
tangents. Unfortunately, the maximum superelevation that can be used 
safely, if the road is to be used by slow traffic, is limited approximately to a 
10% cross-grade, which allows a maximum superelevation of about 0.1 ft per — 
ft of width. Using this value, the minimum radius of curve that could be 
used would be: 


f=. ODT SVS, cites sn oe ahisacesttel as: ty ker 


or for speeds at 100 miles per hr, rmin. = 6 700 ft. Automobiles can be operated 
on curves which are under-superelevated, however. Railroad engineers have 
determined that an under-superelevation of 3 in. in a gage width of 4.71 ft, 
may be used without discomfort to train passengers. Using this value for 
comfortable riding, 


- 7 0.067 V? 
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On curves where the superelevation is not enough, theoretically, the vehicle 
has a tendency to turn out and follow a curve of greater radius. This is an 
added hazard, particularly at high speeds. It can be shown that, if the defici- 
ency in superelevation is equal to the coefficient of friction between tires and 
surface, vehicles will skid sidewise. At the skidding superelevation: 
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in which f is the coefficient of friction. Equation (11) is important only at 
high speeds or on slippery pavements. 


Deficient superelevation may also cause overturning. It can be shown by 
the equilibrium of forces that the vehicle will overturn when, 
2 
gp hee: 0.067 V b 
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in which b = the width of the car from center to center of tires and h = the 
height of the center of gravity of the vehicle above the roadway. 
Safety Factor (b).—The sight distance required for safety on highways 
depends on the distance the vehicle will travel while being brought under con- 
trol or stopped. A fundamental formula for the required sight distance can 
be derived, using the relation of work and energy. Considering the kinetic 
energy of the rotating parts of the vehicle, its total kinetic energy is equal to 
2 
a , in which W = the weight. Then changing velocity from feet per 
second to miles per hour, 0.08511 WV? = Wfs+ WSs, and the required 
distance equals, 


pep MOU) tenis Shanes 
P48 


in which S = the grade, in feet per foot (— = down grade and + = up 
grade). A term should be added to Equation (13) representing the distance 
traveled during the time used by the operator in applying the brakes. If sa 
equals this time, in seconds, 


a 0.03511 V? 

fates 
For values of f = 0.4; S = — 0.05 ft per ft;V = 100 miles per hr; and sa = 1 
sec. s = 1002 + 147 = 1149 ft. The rate at which the vehicle decelerates 
varies with the value of the coefficient of friction, f, and d = 82.2 f, in which 


d= the deceleration, in feet per second per second. Substituting d for f in 
Equation (14): 
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The first term of Equation (15) can be readily reduced to Equation (4) of the 


| paper. 


Sight distance and superelevation are built into the pavement and can not 
be changed once it is laid. The only unknown factor in these equations is 
the speed. Automobile designers and users, together with highway engineers, 
should agree on a reasonable maximum speed for which the main highways 
and automobiles are to be designed. Then, and only then, can highways 
be designed which are as safe as it is possible to build them. Speed will still 
claim its victims, but it will not be the fault of the highway. 

Wide smooth shoulders free from poles and signs, flexible guard-rails 
placed at reasonable distances from the edge of the surface, and the limiting 
of grades are desirable, but they become really important only when the auto- 
mobile is out of control. They can be replaced or improved as traffic demands 
change, at relatively small cost. Great improvement has been made along this 
line in existing highways in the United States during the last few years. 
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Joun F. Faircuitp,’ Assoc M. Am. Soc. C. E. (by letter).“"—A phase of 
this subject was omitted from the paper which, although it does not affect the 
construction of the highway itself, might affect its cost materially. For 
example, Fig. 1 shows a 300-ft right of way on the side lines of which appear 
the words “No Frontage or Access Permitted.” In the paragraph following 
Fig. 1, Mr. Noble emphasizes this proposal by the statement that “* * * a 
safety factor is to prevent frontage of any type on the highway and to exclude 
farm and local road entry. It appears reasonable to restrict access to 
approximately 10-mile intervals.” 

If the express highway is in the location of an existing road, the construc- 
tion of the highway under such restrictions would confiscate a very valuable 
right to the abutting properties for which compensation must be paid. If the 
express highway is located on an entirely new right of way, no doubt, it would 
cut some properties into separate parcels, so that it would be necessary to 
furnish under-crossings or over-crossings between the two parcels thus sepa- 
rated. This situation, of course, would vary in different localities, which fact 
should be taken into consideration in estimating the cost of the express 
highway. 


Lesuiz R. Scuureman,” Assoc. M. Am. Soc. OC. E. (by letter).°*—The 
author renders a valuable service to the Highway Engineering Profession and 
to the general public in stimulating thought and discussion on what is prob- 
ably the most pressing problem which confronts the highway engineer to-day 
—that of safety in highway design. However, any analysis of this problem 
cannot be complete without some consideration of the highway bridge which, 
although in itself a problem in design, must be included in any broad approach 
to the problem of determining and establishing standards of design for safe 
trunk highways. The accident record offers indisputable testimony in support 
of the fact that the highway ‘bridge, as it exists to-day, is as hopelessly obso- 


lete as the highway itself for the high-volume, high-speed traffic which must 


be provided for in the very near future. 

The highway bridge engineer must develop design standards and details 
for a structure which will accommodate such traffic safely and efficiently. Its 
realization necessarily depends upon the co-operation of the highway engineer 
in providing straight-line tangents and continuity of grade and alignment 


at the site. Serious thought must be given to the roadway width of the struc-_ 


ture. Obstruction to travel on the shoulder area constitutes a definite traffic 
hazard which can, and should, be eliminated. Pavement widening or flaring 
on approaches has proved to be a valuable safety feature. Approach slabs 
designed to span the back-fill area eliminate the startling end-of-deck bumps 
so common on present-day bridges. Balustrades must be structurally adequate 
to resist complete failure from collision and, preferably, should be provided 
with a first line of defense in the form of a curb. Poorly designed balustrades 
are much too frequently a contributing factor in serious accidents. Center 


piers on under-passes are a highly fertile source of motor-car disaster and, 
* Harrington Park, N. J. 
*a Received by the Secretary October 7, 1936. 
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unquestionably, should not be used except in locations where the underpassing 
highway is divided by a center strip of ample width. Low points in the high- 
way profile frequently occur at stream crossings. Adequate deck drainage 
eliminates the hazard of a wet or icy pavement condition. 

Quite aside from purely utilitarian considerations, the structure should 
undoubtedly possess true grace and beauty. The question of esthetics has 
become increasingly important with the growing need for grade-crossing 
eliminations. The intelligent selection of materials and design of propor- 
tions rather than detailed embellishment and ornamentation contribute much 
to an xsthetically pleasing result. The xsthetic treatment of any structure 
constitutes a problem in itself and should certainly be given considerably 
more time and thought than, in most cases it has received in the past. 


CG. H. Purcert," Assoc. M. Am. Soc. C. E. (by letter)."*—The line of 
thought developed throughout this paper is well worth serious consideration. 
The next stage in highway design will be along the lines of greater safety, 
although perhaps not to the extent that speeds of 100 to 115 miles per hr will 
be common. It is quite feasible to eliminate a considerable percentage of 
accidents now classed, and rightly so, as “fault of driver.” This can be done 
simply by the expenditure of sufficient sums of money. The engineering 
knowledge and experience are available now and can be applied whenever 
the work can be financed. The width of lane, radius of curvature, rate of 
superelevation, etc., for any maximum speed can be determined at a cost 
“that will be insignificant in comparison to the total cost of improvement 
required. It is very doubtful indeed if all “fault-of-driver” accidents can be 
eliminated, and certainly not by engineering effort. 

Records indicate that approximately one-half of all motor vehicle accidents 
in California occur in cities. A fair percentage occur, also, on secondary 
roads. Construction of super-trunk line roads, therefore, can eliminate much 
less than one-half the problem. In fact, such construction might easily 
inerease the accident rate in cities and rural areas through emphasis of the 
high-speed complex. 

On the basis of records for the first six months of 1936, accidents involving 
two or more vehicles fall into three groups of.vehicle types: 


Type of accident Percentage of total 
Passenger VS. PASSENZET....- ++ seer seer seeeses 69.70 
Passenger vs. freight.......++sseeereeeerereee 21.67 
Freight vs. freight. ......++seseeeeree see ctees 2.67 
BAe othersit sce ste estar - sn tn LRT ee Epon on ci 5.96 


Grouped in reference to the course being pursued, these accidents appear 
in the order of frequency, as follows: 


Type of accident Percentage of total 
Approaching on the same ROA eae See One 41 
Overtaking on the same road........-+++++++5 ot 
Paths intersecting, but on the same TONGS aeier 16 


Paths intersecting, but traveling different roads. 12 
uChf. Engr., San Francisco-Oakland Bay Bridge; State Highway Engr., Sacramento, 


alif. 
1a Received by the Secretary October 24, 1936. 
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From the foregoing, it appears that the separation of freight and passenger 
‘traffic would eliminate nearly 22% of accidents involving vehicles. The con- 
struction of divided lanes and the separation of grades of intersecting roads 
would reduce accidents by 53 per cent. Construction of pedestrian lanes and 
cross-overs would greatly reduce such accidents. To the extent that improve- 
ments of this kind were successful, the “fault-of-driver” type of accidents 
would be reduced. The extent of increase of accidents of the “overtaking”, 
“side-swipe”, etc., types which might result from increase in speed thus made 
possible, is entirely a matter of conjecture. 

‘Accidents in which single vehicles are involved are grouped, as follows: 


Type of accident Percentage of total 
(WoOlISION pa wicca eke net oat ec aati aicgetoeate 35 
INiOTU=COWASTON ds s2.c8 oe ates ch vets ecules erote eat o asiahbote sete 46 
‘Pedestriame 214-4, ck Ties sia oi entiane ecoteuete chemi regeret ake 19 


The statement, “drove off the road”, accounts for nearly 25% of all single 
car accidents. What this percentage might be for vehicles traveling at speeds 
of 150 ft per sec, controlled by a driver with a reaction time of 0.5 to 1.5 see, 
is problematical. Certainly, accidents which might result would be spec- 
tacular, and perhaps more likely to involve vehicles in a lane 100 or even 200 ft 
to the left than the farm house or other fixed object an equal distance from the 
right of way. 

In connection with consideration of design speeds, it is interesting to note 
the detail secured during a survey of actual road speeds at about sixteeen 
locations, conducted by the Maintenance Department of the California Divi- 
sion of Highways. The speed of approximately 22000 vehicles was recorded 
during daylight and of 11000 at night. Fourteen of the locations were such 
that any desired speed could be maintained. The average speeds were, as 
follows: 


Average Speeds, in Miles per Hour 


Vehicle In daylight At night 
Posen ger aia fovaig otis talon ZUR MGE CE GSO 45 
EPUOKS ONY: er ehin take. BT ia Pole ite Re Rees 34 
Buses only ........ Rie ele: DU SM ghee ciate 50 


Of the daylight traffic, 94.09% traveled at a rate of 55 miles per hr, or less, 
and, during darkness, 94.49% traveled at, or less than, that rate. 

Before entering on a program looking toward ultimate development of 
highways adequate for speed of 100 miles per hr, there are other factors to be 
considered. 

Are public officials prepared to admit, for example, that they are unable to 
control the careless, the reckless, and the incompetent drivers at present legal 
speeds? Are the present methods of control of traffic by “stop and go” and 
other mandatory signals and reasonable regulations a total failure in con- 
trolling traffic? Are they certain enough as to what the effect would be if 
construction were advanced to permit of higher speeds? Are they at all cer- 
tain that the majority of drivers desire to travel at higher speeds than present 


— 
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roads permit? Have the people reached a stage where they are prepared to 
submit to the degree of regulation which German authorities, for example, 
can enforce in the operation of their express roads? What will be the effect 
of further improvements in airplane operation and construction of machines 
which can compete, in convenience and first’ cost, with the automobile? 

There have been a number of highway projects constructed along the lines 
which Mr. Noble has in mind, and others will be developed which, from an 
experimental point of view, will provide information on which to base design 
standards. 

The problem at present appears to be more politic and sociological than 
engineering. Every highway engineer should be alive to the situation, not 
only from a professional point of view but from that of the citizen as well, 
in order to serve the need in the best possible manner. 


i ——— 
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COMPARISON OF SLUICE-GATE DISCHARGE IN 
MODEL AND PROTOTYPE 


Discussion 


By G. H. Hickox, Assoc. M. Am. Soc. C. E. 


G. H. Hickox’, Assoc. M. Am. Soc. OC. E. (by letter).“"—Those engineers 
engaged in the design of hydraulic structures by means of models have long 
felt the need of such comparisons as Mr. Blaisdell has presented. It has been 
assumed for too long a time that the actions of model and prototype were 
necessarily identical. In the majority of cases where large models have been 
properly constructed and where friction forces are negligible the correspon- 
dence between model and prototype is probably good, but, in general, quanti- 
tative confirmation has been lacking. 

The author’s test results show a gratifying correspondence with the observa- 
tions on the prototype. Such differences as exist are not readily accounted 
for, but may be due partly to the fact that the model does not represent the 
prototype accurately. The model was placed in a straight flume and the water 
approached it directly, whereas in the prototype, the channel supplying 
water to the gate approached at right angles and immediately above it. The 
channel in the prototype is also somewhat wider above the gates than below 
them, whereas in the model, both parts of the channel were represented 
by the same straight flume. Part of the differences found may be due to 
the consequent difference in the effect of the velocity of approach. It would 
seem difficult to reproduce the up-stream head with certainty in the straight 
channel used. The measurement of tail-water elevation may also be open to 
some question. Although it is by no means certain that they are the only 
causes of discrepancy, it seems very probable that at least they are contributing 
factors. 

In models in which both gravity and friction forces are effective, the fric- 
tion requirement may be satisfied by considering both Froude’s law and 


A AS re al tata pred, Ny Alaa Blaisdell, Jun. Am. Soc. C. E., was published in 
anuary, , Proceedings. iscussion on this paper has appeared in Proceedi as 
follows: May, 1936, by Messrs. Raymond Boucher, and H. B. Hurst. ss ae A 


§ Hydr. Engr., TVA Hydr. Laboratory, Norris, Tenn. 
*a Received by the Secretary September 16, 1936. 
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Manning’s equation. For similarity with respect to the gravity forces, by 
Froude’s law, 


‘in which », J, and g (in accord with the author’s notation) are the scale ratios 
of velocities, lengths, and accelerations due to gravity, respectively. Since g 
is commonly unity, Equation (4) may be written, 


For similarity with respect to friction forces, Manning’s equation may be 
utilized thus: 


in which s and n are the scale ratios of slopes and roughnesses, respectively. 
Where geometrical similarity exists between model and prototype, s = unity, 
and Equation (6) becomes: 


In order to satisfy the two conditions simultaneously, Equations (5) and 
(7) must give the same value for v; that is, 


from which n = It. In the case of the Tremont gates, the sluices were made 
of ashlar masonry with a probable value of n equal to 0.017. For corre- 


“spondence, therefore, the n of the model should be: 0.017 = 0.017 _ 0.0108. 


158 1.57 
This value of n can be obtained with smooth cement surfaces so that, in this 


case, it seems probable that the requirement for similarity was nearly satisfied. 


e 

4 
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BACK-WATER AND DROP-DOWN CURVES FOR 
UNIFORM CHANNELS 


Discussion 
By J. C. STEVENS, M: AM. Soc..C. E. 


J. O. Stevens,’ M. Am. Soc. OC. E. (by letter)..—The computation of any 
form of water-surface profile—on sustaining or adverse slopes, under super- 
critical or sub-critical flow conditions, in either rough or smooth uniform 
channels—may be made quickly by the simple step-by-step procedure fully 
described and illustrated by the writer in his discussion® of the paper by 
Arthur E. Matzke, Jun. Am. Soe. C. EK." 

The functions set up by the author are only applicable to channels of uni- 
form cross-section (that is, rectangle, trapezoid, triangle, etc.), whereas by 
far the greater number of surface profile determinations must be made for 
channels of irregular cross-section. For the latter case computations must be 
made by a trial method one of which was suggested by the writer® in 1925. 
For uniform sections a simple direct computation will yield results amply 
accurate for all practical purposes without going through the maze of mathe- 
matical processes so laboriously set forth by the author. In fact, the simple 
step-by-step formula used by the writer is fundamentally more accurate than 
that offered by Professor Mononobe, because there are no basic assumptions 
and approximations entering into its composition. The only limitation is 
that sections shall be taken sufficiently near each other so that the surface 
profile may be considered a straight line between them. 

Assumptions that wetted perimeters and areas are exponential monomials, 
and that the Chezy coefficient is constant, are not at all necessary; neither 
is it necessary to find neutral and critical depths and velocities. One merely 
fortifies himself with a table of Kutter coefficients (or Manning’s, or any other 

pe kT ee eee eae 


Notr.—The paper by Nagaho Mononobe, M. Am. Soc. C. E., was published in May, 
1936, Proceedings. This discussion is printed in Proceedings in order that the views - 
expressed may be brought before all members for further discussion of the paper. 


*Cons. Hydr. Engr. (Stevens & Koon), Portland, Ore. 
5a Received by the Secretary September 22, 1936. 
° Proceedings, Am. Soc. C. E., August, 1936, p. 950. 


* “Varied Flow in Open Channels of Adverse Slope” b i 
AfatiSoe. GW. Webruacr, 10b6tm Toe Slope’, by Arthur E. Matzke, Proceedings, 


8 Engineering-News Record, October 1, 1925, p. 550. 
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set of coefficients that he prefers) and a slide-rule and performs the simple 


operations shown in Table 9. 


This table shows the calculated profile of the 


back-water curve under discussion for the smooth rectangular channel. The 
TABLE 9.—Surrace Prorite in Smooru’ Recrancutar CHANNEL 
(Width, B = 0.656 ft; discharge, Q = 0.178 cu ft per sec; Kutter’s n = 0.009; 
and So = 0.00200) 
f Increment 

Depth of Hydraulic Ml 8g Velocity Specific of speritie Wetted Hydraulic 

low, D, | area, A, in V, pce hon Ve, energy, hot perimeter, | radius, R, 
in feet square feet MuEnGtion 29 € adjacent P, in feet in feet 

depths 
(1) (2) (3) (4) (5) (6) (7) (8) 

0.328 0.215 0.805 0.0100 (Re ey Ty MINS, be wee 1.312 0.164 
0.312 0.204 0.847 0.0112 0.3232 0.0148 1.280 0.160 
0.296 0.194 0.892 0.0124 0.3084 0.0145 1.248 0.156 
0.279 0.183 0.945 0.0139 0.2929 0.0155 1.214 0.151 
0.262 0.172 1.005 0.0158 0.2778 0.0151 1.180 0.146 
0.246 0.161 1.074 0.0180 0.2640 0.0136 1.148 0.140 
0.230 0.151 1.145 0.0204 0.2504 0.0136 1.116 0.135 
0.213 0.140 1.235 0.0237 0.2367 0.0137 1.082 0.129 
0.197 0.129 1.340 0.0279 0.2249 0.0118 1.040 0.124 
0.181 0.119 1.453 0.0328 0.2138 0.0111 1.016 0.116 


TABLE 9.—(Continued) 


Average Difference, Distance, Distances, 1, Along 
Friction friction 8S. — Sr, Al, be- the ie of 7 ee 
Depth of Chezy’s | slope, S’s, slope, Sy between bed tween nel, ho Wei besos) 
flow, D, coel- at a given between slope and adjacent the Weir: 
in feet ficient, depth two depth friction depth 
C point points slope points By labora- 
Computed | tory test 
(1) (9) (10) (11) (12) (13) (14) (15) 
0.328 115 COZOOOSO Eee ee eee aes wresesaralenety mh | 2 auarstelejer sors Mila Ne! etaletchens | Mayaterets ois 
0.312 115 0.00034 0.00032 0.00168 8.8 8.8 9.2 
0.296 115 0.00039 0.00037 0.00163 8.9 ily gare 18.2 
0.279 115 0.00045 0.00042 0.00158 9.2 26.9 28.1 
0.262 115 0.00052 0.00049 0.00151 10.0 36.9. 37.6 
0.246 114 0.00063 0.00058 0.00142 9.6 46.5 47.6 
0.230 114 0.00075 0.00069 0.00131 10.4 56.9 58.5 
0.213 113 0.00091 0.00083 0.00113 12.4 69.3 69.6 
0.197 113 0.00114 0.00102 0.00098 12.0 81.3 83.3 
0.181 113 0.00145 0.00130 0.00060 18.5 99.8 98.0 


but presumably may be calculated from AoVo = 0.178 
given, one may find 


discharge is not given, 
eu ft per sec. From the neutral slope, radius, and velocity 
that Kutter’s n = 0.009. Using the formula,’ 


he Pins nO ers aae Roeeset (35) 

S; ae So 
in which Al = the distance between adjacent depths; S; = friction slope; 
So = bed slope; and, Ae = increment of specific energy between adjacent 


depths, or: 


Vien 
AEe= D, + re — D, + eer POR eOML 
29 
in Table 7 were converted to feet and used 
friction slope at the depth point, whereas 


The depths given, in inches, 
in Table 9. The slope, S’;, is the 
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S; is the average friction slope between depths. For such problems very little 
difference is found whether one averages slopes, areas, hydraulic radii, or 
velocities between depth points. 

In the application of Equation (35) the specific energy, «, has increasing } 
values down stream, because the bed slope is greater than the friction slope.. 
Therefore, values of Ae are negative as are also values of (S; — So), makings 
Al positive up stream. Columns (14) and (15), Table 9, show how closely the» 
calculated distances above the dam agree with the distances observed ini 
the laboratory. 


0.5 


0.4 


Elevation in Feet 


0 20 40 60 80 100 120 140 160 180 
Distance above the Dam, in Feet 


Fic. 20.—COMPARISON OF PROFILES FOR A SMOOTH RECTANGULAR 
CHANNEL 


Fig. 20 shows the profile plotted from “Laboratory tests”, Table 7, and 
the profile calculated by Equation (35). The agreement is practically perfect 
as such hydraulic calculations go. 

A correction should be made to Figs. 14 to 19, inclusive, of the paper. The 
ordinates are not “values of D, in inches”, but elevations, in inches, above 
the stream bed at the dam. JD is the depth of water in the channel. 


—————— 
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BEOODePKOLEC RION {DATA 
PROGRESS REPORT OF THE COMMITTEE 


Discussion 


By MEssrs. GORDON W. WILLIAMS, MERRILL BERNARD, 
AND GLENN W. HOLMES 


Gorpon R. WinuaMs,“ Jun. Am. Soo. OC. E. (by letter).“*—The floods in 
the years 1935 and 1936, which in some localities broke all previous records, 
make it very evident that the work suggested by the Committee in Recommen- 
dation (1) should be continued, both in the office and in the field. The 
accumulation of field data, especially the securing of flood discharge measure- 
ments, makes it possible to evaluate more closely, in terms of discharge, the 

data obtained when Recommendations (2) and (3) are followed. The flood 

‘discharge measurements made in 1936 will make it possible to determine, for 
the first time and with a reasonable degree of accuracy, the flows attained 
in the great floods of previous years, which occurred before or since continuous 
records of stage have been kept. 

Long and accurate flood records are a prerequisite in any estimate of the 
probable magnitude and frequency of future floods. Nevertheless, in 
the design of hydraulic structures which are to be erected immediately, it is 
often necessary to make estimates of the probable frequency and magnitude of 

future floods from unsatisfactory records. Later stream-flow records may 
reveal that these estimates were sadly deficient and deviated to a startling 
extent from the later record of experience. Nevertheless, such estimates must 
be made and used as a rough guide. 

This raises the question as to the methods that are commonly used for 
estimating possible flood flows, particularly the so-called statistical procedures. 
As more plentiful and accurate flood-flow data become available, it will be 


Norrn.—The Progress Report of the Committee on Flood Protection Data was presented 
at the Annual Meeting, New York, N. Y., January 15, 1936, and published in February, 
1936, Proceedings. Discussion on the report has appeared in Proceedings, as follows: 
April, 1936, by Messrs. Robert Follansbee, and LeRoy K. Sherman ; August, 1936, by 
C. R. Pettis, M. Am. Soc. C. E.; and September, 1936, by Messrs. John C. Hoyt, and 
Cc. S. Jarvis. 

4 Asst. Hydr. Engr., Water Resources Branch, U. S. Geological Survey, Washington. 
D. C. Submitted with the approval of the Director, U. S. Geological Survey. 


14a Received by the Secretary September 21, 1936. 
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desirable to subject these methods to very critical analysis, such as by com- 
paring estimates obtained from various fragments of a long-time record with: 
those obtained from the complete record. The purpose of such comparisons 
would be to determine the probable error in the magnitude of floods of various 
periodicities when estimated from records of different lengths, such as 20,| 
40, or 60 yr. 

It will also be desirable to determine more closely the effect of widespread 
cyclical variations in average rainfall and run-off on flood estimates made 
from records which do not cover the full range of such variations. The experi- 
ence of the writer, in conducting such studies and in making comparisons § 
between the 1935 and 1936 flood flows and those obtained from frequency 
curves of long records (40 yr, or more), leads him to take a very cautious 
attitude toward all the present methods for estimating future flood flows. 
Not until long and accurate records which include many large floods, are 
available, can the present methods of flood-flow analysis be appraised properly. | 


Merritt Bernarp,” M. Am. Soo. C. E. (by letter).°*—It was the writer’s 
privilege to take part in the studies recently reported in Water Supply Paper 
No. 771 entitled, “Floods in the United States—Magnitude and Frequency”, 
in the preparation of which the Committee on Flood Protection Data rendered 
a signal advisory service. Concurrently with the flood study there progressed, 
under the leadership of W. G. Hoyt, M. Am. Soe. C. E., a study of relation-- 
ships between rainfall and run-off, the results of which were published as} 
Water Supply Paper No. 772, entitled “Rainfall and Run-Off in the United | 
States.” Although the latter study was under the guidance of another: 
advisory committee, there was a profitable interchange of ideas among the two) 
groups and their advisory committees. Not the least of the accomplishments 3 
of the study was the successful co-operation between an old-time agency of the: 
Federal Government, advisory committees of the National societies, a co-ordi-- 
nating agency of the Government (the then Mississippi Valley Committee } 
and, later, the National Resources Committee), and the several specialists 3 
taking part in the study. 

It is interesting to note that recent progress in hydrologic investigations } 
has brought into prominence several new methods of flood-flow determination, , 
developed upon the use of rainfall as the principal factor. Considerable time } 
was devoted in the studies to one of these methods—the unit-hydrograph— - 
exploring its theory and perfecting its technique. It was generally concluded, , 
however, that further advances in this field must await the development of a: 
successful method of dealing rationally with such factors as infiltration, , 
evaporation, and transpiration. An appreciation of the need for such basie p 
data is reflected in the plans of the Section of Watershed Studies, Division ; 
of Research, U. S. Soil Conservation Service, under which long-term investi- 
gations have been designed to yield quantitative data capable of areal appli- - 
cation. All the principal phases of the hydrologic cycle have a place in these : 


tonto ee! Soil Conservation Service, Water-Shed and Hydrologic Studies, Wasi : 


*a Received by the Secretary October 5, 1936. : 
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studies, the treatment to range from the laboratory model through experi- 
mental plots and small water-sheds, to natural drainage basins of 5000 
acres, or more. 

The Committee’s third recommendation, in final analysis, points to two 
‘of the several obvious inadequacies of the present system of gathering and 
recording rainfall data: First, the poor distribution and spacing (nation- 
wide) of rainfall stations; and second, the inadequacy of rainfall data 
recorded as an average depth for 24 hr. The increasing demand for more 
intelligent engineering on small water-sheds, and the necessity in modern 
methods of flow determination to express rainfall as rate for duration periods 
of less than 24 hr, will, in the near future, materially restrict the use of the 
non-recording rain-gage. The writer believes that a recording rain-gage, 
simple and rugged in construction and demanding attendance not oftener 
than once in eight days, can be manufactured and sold for about $50. Except 
in the remotest regions, one man with an automobile could attend and 
“service” from one gage to two hundred gages spaced at optimum distances. 
It is believed that the additional cost of such a method of obtaining rainfall 
data, over that of the present system of the co-operative observer and the 
non-recording rain-gage, would be a good investment. 

The Committee’s fourth recommendation expresses, perhaps, the most 
urgent present-day need for hydrologic research. The Committee dispels the 
current erroneous belief that retardation is always the means of reducing 
flood peaks. The reduction, rather, is accomplished by “filling out or leveling 
off”? the hydrograph. On water-sheds where existing conditions produce a 
unit hydrograph (and the resulting distribution graph) of delayed peak, such 
peak may be reduced by accelerating run-off from areas nearest the outlet, 
thereby making more efficient use of the channel system throughout the 
period of rising stage of the hydrograph. Further reduction in peak flow can 
be gained through storage and other methods of retardation, deducting from 
the contributions which create peak flow and adding to the contributions 
from the more remote areas which sustain flow throughout the falling stages 


of the hydrograph. 


Guenn W. Homes,” Ese. (by letter).“*“—There seems no doubt that the 
Committee has made great strides toward the accomplishment of its objec- 
tives. Moreover, the recommendations submitted with its progress report 
have already seen fruition in library research conducted under the joint 
auspices of the Works Progress Administration, the U. 8. Geological Survey, 
and the Soil Conservation Service. The results of this co-operative undertak- 
ing have been reported and are now (1936) being published by the U. S. Geo- 
logical Survey as a continuation of the studies already published in Water 
Supply Paper No. 771. 

-* Tt would be difficult to determine the relative values of the five recom- 
“mendations made by the Committee because each is so directly involved in 
flood-protection work. Recommendation (3), however, is possibly the most 


16 Asst. Hydr. Engr., Soil Conservation Service, U. S. Dept. of Agriculture, Washington, 


"16a Received by the Secretary October 5, 1936. 
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intriguing because of the difficulties‘encountered in making such an inventory 
of cloudburst floods as proposed therein. That no systematic study of such: 
floods has yet been undertaken may be an indication of the magnitude and 
difficult character of the task. 

It is a conspicuous and possibly a significant fact that in most reports of 
cloudburst floods detailed data are lacking on the rainfall intensities and 
quantities that would serve to account for the often unprecedented flood crests. 
Precipitation data from official sources are often supplemented by information 
secured from unofficial observers and non-standard rainfall receivers. In the 
opinion of the field investigator, milk pails, chicken feed cans, hog troughs, 
and like containers found about rural and urban homes, provide information 
which, although sometimes amazing, is yet altogether necessary to account for 
the observed flood heights and resulting flood damage. The scientific training 
of the field investigator, however, often overcomes his better judgment and 
leads him to omit, or at least to minimize, such truly valuable data in his3 
engineering report. 

This is clearly brought out in a paper entitled, “The New York State 
Flood of July, 1935”, from which the following excerpts are quoted: 


“No official records were made of the greatest and most intense rainfall | 
that occurred.” 
* * * * * * * * * * * * * 


“The isohyetal map on plate 22, prepared by John C. Fisher, meteorologist, , 
United States Weather Bureau, Ithaca, shows the total rainfall recorded under ? 
the dates of July 7 and 8 at stations reporting to the United States Weather: 
Bureau at Ithaca. Supplemental measurements of the rainfall made after? 
the storm indicate that a much heavier precipitation than that shown on the? 
map probably occurred over a large area.” 

* * * * * * * * * * * * * + 


“The table of ‘hourly rainfall, in inches’ shows the rainfall as recorded | 
by automatic rain-gages at nine stations in or near the main storm area., 
Unfortunately, none of these gages was within the area of the most intense > 
precipitation, and therefore they did not furnish information on what actually: 
took place in that area. That at least 12 to 14 inches of rain fell in 12 to 163 
hours is indicated by the amounts of rainfall measured in open receptacles ; 
after the storm.” 


As the writer participated in collecting and assembling some of the: 
unofficial rainfall data mentioned, and is thoroughly convinced of their value? 
and their fair degree of reliability, it seems appropriate to comment ont 
certain features. 

It may be noted in Water Supply Paper No. 773-E that the isohyetal | 
map of the series of storms causing the flood was prepared from official | 
records. Had the admittedly reliable supplemental data been given | 
official recognition, a quite different rainfall map would have been made, , 
including considerably higher values. This gives rise to two comments: - 
(1) If such unofficial data were given fair recognition, greater efforts would | 
be expended in collecting such information and presumably more of it: 


“The New York State Flood of July, 1935”, Wat ; 
Geological Survey, pp. 237 et seq., 1936. : ater, Reply Ener Net aan 
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would be found; and (2) since such unofficial data are not generally recog- 
nized as acceptable, they do not become part of the published precipitation 
records and, therefore, do not appear among basic flood-protection data. 

If adequate information cannot be secured from official sources, even in 
the East, where Weather Bureau Stations are comparatively close together, it 
seems that some alternative is necessary to insure progress along lines 
suggested in Recommendation (8). 

The writer believes that every effort should be made to obtain the kind 
of unofficial data mentioned herein, and that such data should be used in 
making the isohyetal maps accompanying reports of cloudburst floods. 

No doubt much valuable information can be obtained in this manner; 
but the real problems in the analysis of cloudburst floods do not wait upon 
choice of rainfall receivers, but rather upon the building up of a field organi- 
zation which may “service” an adequate number of rain-gages wisely 
distributed. 

When Recommendation (3) is adopted, it is probable that much higher 
intensities and quantities will be found than have been reported in the past, 
because the intensities at the centers of all storms will be recorded. These 
high intensities may cover areas only a few square miles in extent, or even 
less, but information which aids in flood-protection and run-off control for 
small areas is becoming increasingly important. 
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WIND BRACING IN STEEL BUILDINGS 
FIFTH PROGRESS REPORT OF SUB-COMMITTEE NO. 31 
COMMITTEE ON STEEL 
OF THE STRUCTURAL DIVISION 


Discussion 


By FRANCIS P. WITMER, M. AM. Soc. C. E. 


Francois P. Witmer,” M. Am. Soc. C. E: (by letter).“*—Under the head- 
ing “(H) Experimental Studies of the Behavior of Wind Bents”, the conclu- 
sion was stated that, as a result 
of model tests at the University of 
Pennsylvania, vertical wind reac- 
tions for interior columns of a 
4-column symmetrical bent designed 
for vertical loads would probably 
approximate zero for a rather wide 
range of bay ratios. 

The writer has since verified 
this conclusion by a number of 
additional tests, and has developed 
a theoretical demonstration show- 
ing that the conclusion has much 
more general and far-reaching ap- 
plication than was considered to be 
the case when the report was 
presented. 

Assume a bent of the form shown 
in Fig. 8, with any number of columns, any number and height of stories, and 
any lengths of girders, and acted upon by any system of horizontal forces, 


Notrr.—The Fifth Progress Report of, Sub-Committee No. 31, Committee on Steel of 
the Structural Division on Wind-Bracing in Steel Buildings, was presented at the meeting 
of the Structural Division, New York, N. Y., January 16, 1936, and published in March, 
1936, Proceedings. Discussion .on this report has appeared in Proceedings as follows: 
September, 1936, by Messrs. Robins Fleming, L. B. Grinter, Chr, Nokkentved and I. Wouters. 

“6 Director, Civ. Eng., Univ. of Pennsylvania, Philadelphia, Pa. 

a Received by the Secretary September 8, 1936. 
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H,, Hz, ete. If all parts are proportional for vertical floor loads which are 
uniform throughout any floor (that is, if the moments of inertia of girders 
in any floor are proportional to the squares of their span lengths, and the 
moments of inertia of columns in any story are proportional to their cross- 
sectional areas, these, in turn, being proportional to the loads coming to them 
from non-continuous girders), the following conditions are true: 


(1) The moments at both ends of any girder are equal; 

(2) The moments in girders of any floor are proportional to their span 
lengths; 

(3) The shears in all girders of any floor are equal to each other; and, 

(4) The direct stresses and vertical reactions for all interior columns are 
equal to zero. 


The foregoing conditions are in strict accordance with the fundamental 
portal theory. Consider any girder such as Gm, in Fig. 8, The moment at 
its right end will take the form: 


= (Ni Mi Ky + Na Ma Kp) Kon (14) 


Men 
Kn te Ky ar Kem + Ken 


in which, M@, = the moment in the story above the floor in question = Hih,; 
M. = the moment in the story below the floor in question = (Hi+ H:) he: 
N, and N, are constants relating, respectively, to M, and M.; and Kp, Km, etc., 


‘ 


are the stiffness ratios (4) for the respective members. 


From the assumptions as to column and girder moments of inertia, 


2 
Kn =, (Ln ae In) Kp. = Ni (lm at In) Ken = aie = Nslm; 


™ 
2 . 
and, Ken = Ns Pn = N; In; in-which N, and N, are constants relating to all 
Tt 
columns in the stories, h; and he, respectively, and N; is a constant relating 
to all girders in the floor in question. Therefore, 


Mr. [N, M,N; (Im + ln) + NM, Ni (la + In) | Ns lm 2 ee (15) 


Ns (lm + In) + Na Cm + In) + No lm + No bn 


and, 


M __ (N, M,N, + N2 M2 Ns) (Im + tn) No ln 
Cn a a Le Pas ie ee 
(Ns + N4) (lm + In) + Nos (lm + In) 


CN My Nyt N; Ms Ny) Nabe (16) 
N,+NM4+ Ns 


As the entire coefficient of Il, is a constant, which will be called JN, 
Mem = N Im, which is in accord with Condition (2). 
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A similar procedure at the left end of Girder Gm will produce an equal 
value for the moment at that end, thus verifying Condition (1) for this 
girder, and similar results will follow for all other girders. Condition (3) 
is a direct result of Conditions (1) and (2) since the shear in a member equals 
the sum of the end moments) divided by the length of the member. Condi- 
tion (4) is a necessary consequence of Condition (3). The four conditions 


are thus shown to be generally true. 
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